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(57) Abstract: A positive electrode 
active material for producing a 
nonaqueous electrolyte secondary 
cell exhibiting an excellent high-rate 
charging/discharging performance 
and an excellent charging/discharging 
cycle performance and having 
a high energy density, and a 
nonaqueous electrolyte secondary 
cell exhibiting an excellent high-rate 
charging/discharging performance 
and an excellent charging/discharging 
cycle performance and having a high 
energy density. The main component 
of the positive electrode active 
materia! is a Li-Mn-Ni composite 
oxide, and the positive electrode 

active material is characterized in that the specific surface of the Li-Mn-Ni composite oxide measured by the BET method is 0.3 
m 2 /g or above and 1 .5 m 2 /g or below. The nonaqueous electrolyte secondary cell comprises such a positive electrode active material. 
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s = 0 ~0 . 1 ; s ' = 0-0 . 1 ; 

r+r'+s+s'+w+w'^0. 4 ; 

w + w ' = 0 . 0 0 0 5~0. 01 ; O^t^l) 

■c ^ & ft £ JfiflfcODlft^Mbtl-C ft § o 

r+r'+s+s'+w+w'^0. 4t^§ctt:J;oT, 3fcKS©l§!?;i 
LfcJ:oT***»fl3'ft©«f««ia4<$€T?»Ds £ftt£*)s ftlftSiM ^ 
ttt&tMft&o 

L i -Mn-N im&-&mVV>)(Dm = mMBm(D2^ L iMrio.jN i 0 . s O, 
■ca* ft *tt£ttftj*9&4tjEftr£ M n£?>"N i ©-g|5^M«l7cm^t>*l3 * £ fife 
g$£fts ; 
L i i-t [Mn 0 . 5 . r . s . H N i 0 . 5 . r .. s -. H -B w+V( M s 

r+r' L 1 s+g * 0 2 ] 

aits m' itmmmnTtm ; 

r = 0. 0 1-0. 1 ; r ' =0. 0 1-0. 1 ; 

s = 0 — 0 . 1 ; s ' = 0 ~ 0 . 1 ; 

r + r ' + s + s ' +w+w ' ^ 0 . 2 ; 
w+w ' = 0 . 0 0 0 5-0. 01 ; O^tgl) 

t* ft a ft s «a(S©a^»fli» -c & * „ 
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Li.-t [Mn 0 . s . r . s . w N i 0 . s . r ..,-. 1( -B w+w .M' 0 2 ] 

^n<omsk^mm fc«tt&iB *»*r a as* & d * c n c «t o t 

& (XPS) fc,fcD*frP*:ty^>^L&jP&«*£i&jb*fcao -0>Ji:bTs § 

f &fo*>> 2 8 nmSjft*-Cfc:Si:A/ir©BA«l|i«U-C^40**t>*»So 

H«7C*M' fcts Mru N iRUL iim<D^mz, Mn£:g&b53^# 
SIUUo Be, V, C, Si, P, Sc, Cu, Zn, Ga, Ge, 

As, Se, Sr, Mo, Pd, A g , Cd, In, Sn, Sb, Te, Ba, 
Ta, W, Pb, Bi, Co, Fe, Cr, Ni, Ti, Zr, Nb, Y, Al 
, Na, K, Mg, Ca, Cs, La, Ce, Nd, Sm, Eu, TbWff 

teftZbs Mg, Al, Ti, V, Cr, Fe, Co, C uSt>*Z n©V>1*ft 

o 

uCf, MnOlil^tr, s s w(± N 0<r + s+w^0. 2T"fctK 
NiOlilft^tr \ s\ w'fciu 0<r'+s'+w'^0. 2-C&-5 
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o dtiii, Mn0llIr + s+wi:Ni0g|Ir ' +s ' +w' ^m^tt 

> wm ft t mm % u £ a g /j> tz>tz&)T*&z> 0 

WScfctttfeldu 0<r'+s'+w'|0. 2s io s 0<r + s+wgO 
L-Oo 

V^Ts tuHBMn^rjN 'J^«i7 A^JSIiTGfiST-g&f LTtts 

?S^Jt0ttJ*li»fc*e)A»D«>«S|-r«7C**«lJp-rS*a{^ L iMn„,N i 

£#s £ftM3Pg££ft£&©T-fcfcft^o 

Li-Mn-Ni&m-&Mim(D%wnMKm\±. Li [Mn c N i d C o e L i. 
M" „] 0 2 (M" ttMn, N i N C ck L HAMft^ d^c + e + a + b, 
c + d + e + a+b= K O^a^O. 05 N O^bgO. 0 5s 0. 2^c^ 
0. 5s 0. 02^e^0. 4) -C^*n*«^Kflj#JTifcSo c#0. 2 £T 

#Jt8cfi^S#£g;£fc£j$L-$>t- < tzZO-tmS. L<ft^o e#0. 4 §±0 
5t> ^mKFlc^^S^^TyfgT'rSMlRl^ft-So a#0. 0 5£±[h]3£: 

lyfa^llTC^M" tts Mn s N i£VL i ^©ToffS"^ Mn fcg«IL5 Stg 
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fH#$?£U^ Witts B, Be, V, C, Si, P, Sc, Cu, Zn, Ga 
, Ge, As, Se, Sr, Mo, Pd, Ag, Cd, In, Sn, Sb, Te 
, Ba, Ta, W, Pb, Bi, Fe, Cr, Ni, Ti, Zr, Nb, Y, A 
1, Na, K, Mg, Ca, Cs, La, Ce, Nd, Sm, Eu, TbW 

&frffc> B, Mg, Al, Ti, V, Cr, Fe, C u£c7Z ncD^ftlfr 

s Mn5c^^>N iKm<D*%$ tg-bztz&s jEmm®iw*mi&LT^z>mWiffi 

glfc. L i - Mn-N i^I^ittCiEgililC^lM, Kg3&il7C$ 

W±£ s L i -Mn-N i^^«©^H»ie<|:^bfe^s L i -M 
n-N i $ifr£gMbtt&\ CuKa»*ffifflbfc»5|5xy ^^iHIs|*fia0 2 0 = 
18. 6 + 1°, 36. 6±1° x 37. 8+l\ 38. 2±1° N 4 4. 3 
±1°, 48. 4±1 8 s 58. 4±1°, 64. 2+l\ 64. 8+l\ 
68. 8 + 1° fclf-^S-*tT*Dx £*ifc<fcDffi;tifciM*;i/ttt6#f§&ft 

Lfc«&*xy^^^|pj#fE|{ci3^Tx 20=18. 6±l°h2 0 = 4 4. 1± 
1° £:tc[5]#r U 20=18. 6±1° t*W4laI*fK-^C*rf 4 



16 



WO 02/073718 



PCT/JP02/02284 



20 = 44. 1 ± 1° fc:fcttS®ifre-*©fflttSj£Jt#0. 6-1. IT'fcS 
feOWKs 2 0=18. 6± 1° fc£tt&@^fc*-£©iNi$I#() 

. 13° -0. 2 0° tfeOs 20 = 44. 1± 1° {c^(t^0#rlf-^O^iI 
mifiO. 10° -0. 1 7° HhhbQtmt. t^o 

x £fc«iftMM$©&Xtt4*j*UTx ¥mm (D 50 ) = 3//m~3 O^mtf 
»*U<x 4313 5>um~2 0,um##a;L^o £©$5Hl*n?&tifciU Svifc©&# 

fcEffifS%K©¥$*i&tt±T 9~2 

L i - Mn-N iflttt&BMbttttx 9 0 0°CW±O^-CMt§iiI^t 
•f Lt^o ibl^tl^ ^<i:Ui^i:Mn^J:Ni 

^t*^rSL i-Mn-Ni^MttWj ^9 0 0°CU±®Um 
«ltLi -Mn-Ni^tt^»fli**»jS-r*iii:tf»*L^o 
MMKttx 9 0 0 8 C~ 1 1 0 0 °C#$?g; t < x 9 5 0 "C- 1 0 2 5 °C^t$f 

«7Sj^#9 0 0°C*T[H§^s L i - Mn-Ni^M»ttm$ 
1. 5m 2 /gWT^L{c< < N ?)],&m&£vtz^m&mt>tl J $>T^o 

$J«jg# 1 1 0 Q°CZ±.®Zb, L i©^^(3d;o-Ci^i:1-i)« 
©ifi£®i"bti#f#£>;h,£ < ^&ir©ftMK±©IM*\ «f©a«Sfttiot« 

mtt^^gT-rsh^-pP^^u^-r^o 1 1 o o°c^±[i^i:. i 

Itl^^ ^tlfcKTx JSmWKL i^fflM* J ii^cLT. #3ittlc:^££i: 
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oralis 3B#p B i~ 5 ommifift ttv^o «ra#5 ommzmizt, 

Li-Mn-Ni1t^MtJt^^lE#:(i^ r v >#> (Mn)fb£«-y 
(Ni) ^tJt^Tk^^^tifeTR^s £&tts Mnfbilr^Nifbi^Ji: 

"mmTim&mt&it&w (mmi,tzmm7t,mM s w , m" afb£ 

WTs [M] fb-nili: ^^IBt" i> ) t tf7k£®M$fttcfc®mZs 7 
Vib&W}*mmVT, Mn-Ni^» £tz&, Mn-Ni- [M] 

[M] ^Uhltl^ M^TC^^Btrfe^.^, *-i7S^£, H*t7c!i#V 
T-&£*§1^ M/^^A^s HHtcH^A liS^7';U^-H 7 

7ki?fb=m;i/ K j^iSnnvi/K $MbnM;i/ k M=m;uK 58i? 

3; L^o 
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-Ni- [M] (WT> £*i*>£l;i:#>Ts 

v*S) ^Uf-e7A<b^t)i:0S^t)*L i-Mn-N 

, ;©Li-Mn-Ni mmGMVOmmfolt HulB b <^T«, 

L i-Mn-Ni^^«Bfiii^(^ i: 'J f- 1> A fb£ 

tj©7jc }gr« 1* e> 7j< § ^ £ t $g j% £ -e- t f# e> ti it M&vn mm^mm-cgZo 



*mWCDi£M%i®m±, ±$#T!&£Mf3bfcL i - Mn-NiM«l 

%<Dm.<DV?-t>^mm : $&mmhmt lt&s -irsl i x mx 2 , l i,MN, 

X 2 (Ms Ni±I fr6 VIII&o&JR, Xtttt* N M&£©#;i^7Wbi^>£ 
^t.) T?feDs ^KLijCo^MjOix L i y Mn 2 . x M,0 4 (MJis I ^ VIII 
m<D^M (m*.&, Li, Ca, Cr, Ni, Fe, C o <D 1 «m^±©7C^) 

o^Tfigt&T-§£g*-ii;TW$T"&£#s b < tt&ftgSOj&fr t> 0 ^ 
xglt^So Sfcs U^AS£^iTyfiJco^T&U^A£^Mi3fiJffl 
l^I^i^a-Cfet), »*b<ttSfc«SSO^P> Ogy^ lT-feSo) ifi 

££(c s f&O'fb^ilbTttx CuO, Cu 2 0, Ag 2 0, CuS, CuS0 4 
m<DIM&m<bG®, TiS 2) Si0 2 , SnO^CD IV]R&JBHb£*k V 2 0 5 , 
V 6 0 12 , V0 X , Nb 2 0 5 , Bi 2 0 3 , S b t 0 3 #©VJ*£JRfti£tU C r 0 3 , Cr 
2 0 3 , Mo0 3 , MoS 2) W0 3> Se0 2 g©VI J££M-fb£tU Mn0 2) Mn 2 0 
,*©VIIi*£JBHb£«9x Fe 2 0 3 , FeO, Fe 3 0 4 , Ni 2 0 3) NiO, CoO 
3 , CoO^O VIII |^Mft^fft«tS$nis Wittty^frA-a/Wh** 



19 



WO 02/073718 



PCT/JP02/02284 



lEIirStlSli: Us f5tBLfcLi-Mn-Ni»*&ttfc««*fc % ly^Oflil 

©fc£&&0M§ ^©^^©MSJiir&x #iPJ©$3i£m&:b&^ 

1MM%~5 0fiM%, ^l<li5II%-3 0iI%t^4o 

*-m©$wt*-#*-b$t ; mm^^^mcom^ 

4— 1, 1, 4-iJ7F4J/x^ N 

*fctt*©R»<*:«©#a$fctt*ii&2«ftl±©S^«i«ft*H'5ci: 
6# N £*i$>fc|g££;ii,afc©T?tt&v^ 

•JBKtti: LTfctx 0!l*«s L i C 1 0 4 , L i B F 4 , L i A s F 6 , L i P F 6 
, LiSCN, LiBr, Lil, Li 2 S0 4 , Li,B 10 Cl 10 , NaC10 4J N 
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al, NaSCN, NaBr, KC10 4 , KSCNf O'Jf (Li). ± V 
U^A (Na) tfclift 'J^A (K) <D lmZ^tsmUJ LiCF 3 SO 
3 , LiN ( C F 3 S 0 2 ) 2 , LiN (C 2 F 5 S0 2 ) 2 , L i N (CF 3 S0 2 ) (C 4 F 9 
S0 2 ), LiC (CF 3 S0 2 ) 3 , LiC (C 2 F s S0 2 ) 3 , (CH 3 ) 4 NBF 4 , (C 
H 3 ) 4 N B r , (C 2 H 5 ) 4 NC10 4 , (C 2 H 5 ) 4 N I , (C 3 H 7 ) 4 NBr, (n-C 4 
H 9 ) 4 NC10 4 , (n-C 4 H 9 ) 4 N I , (C 2 H S ) 4 N-maleate, (C 2 H 5 ) 4 
N-benzoate, (C 2 H 5 ) 4 N-phtalate N ^7 1 ^ 'J;u;*;i/*>ig 

m&±M& u x m v> h z t & *smx $> z> 0 

LiBF 4 tLiN ( C 2 F 5 S 0 2 ) 2 © £ o )V*u 7)\,*)\,m 

mzm&tzMz, 0. lmol/l-5mol/l^ll<, ^CfflK 
tiu lmol/1^2. 5mol/l-e$>^)o 

*^0^©aYfe©IE1l(3{i«B^(z iSLi-Mn-Ni 

7 ^ y-tnmvx jEm^m tLtz'&, zniEM&mzMnfotLxcD^^T, 
mmizm^, ££&e*lt 5 o°c~2 5 o o «®sgt^ 2mmmmQmm 

u^a, &£if7v k^^ou ^a&ji^w£-&) ©ft, u^a^pm- 
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*§^MPH (d 002 ) 0. 333~0. 350nm 
a$fc£|qJ©3£ii^©*££L a 2 0nm fel± 
c$fi^|pJO^^^©A^^L c 2 0nm &± 
Xf&ft 2 . 0 0~2. 2 5 g/cm 3 

s u^-e/A^Sx u^a-t^^a, u^^a-is, >;?-*a-xx, u 

A^Jg^W^^ 1" * d -S\ £ b afrSfiWb^tt t: jBtc-T S c t 

o 

MS&tf-^^K SiS#-;i/^;k ^i^Rik ^^-^ih^K fills] 
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mmmt lx&, mmm%fcmBWZR&£te^m*Bm&tt®x&him%. 
, mm&* ^ $ v >? zttmmomm&ttmz 1 n * tz\±^M om^m tLx^ 

HI%-5 0iI°/oTOl<s ftizO. 5M%~3 01i%MfS b^o 

m^T-t^^y?? v . i~o. 5 jumomnn^^B^bxm^^t^ 
gf%mm.zmmx%ztzis!>M£L^o ztibom^nmz, ^mm^m^x$>^o 
^ zcDMnt-tztzzizfy-m'&x&Zo zotztbs vmm&n, smm&m 

mm^Mt Itf^ 'Jx h77MDifl/> (PTFE), ^'J7 

vitv-v^y (pvdf), *-ijx^u>, 7*d vu>m®ma!m&$ms 

ifl/>-7DtV>-i;j>^-4?iJ?- (EPDM), ^;!/*>fbEPDM, 
Xf-l/>^^^x>rfA (SBRK 7 y^A^®3"A#t££:ffT£tf l> v-£ 

Mttz&MmvUi&mUzMlX 1-5 0 L<> ^lc2~3 0fi*% 
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tzl±&M(D®mmzttLX 0. 5~101»Sfll<, #fcl~2fifl%# 
ft?* UK, 

^J:'OD-7-3-T^ >7\ 77 U->3-^-f >"7\ ?-7U-FJ5ft 

fttffaTfcJ^o 0«*«n lEMUmfc^LTfc^ r^-^A, f-7x 7^ 
r:y<7VK mm&Mft?* #*tt^7^^oflbt N 

^St4**7^ N Al-Cd^OiC, Biijc 

So 
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'Jr>-r h^7;i/:frn:c?-l/>&fi£#: N 7 y lb tT — U x > — h 'J 7Mdi 
7 -yftt- iJf>-7.WDlfl/ >#S£flu 7yfbt-U 
7 : >-^\^it7;i/^-o^-b h>#M£#> 7«^<btr-'Jx>-x^u>^fi^ 

\ 7y^be-U7 r >-7Dtri/>^a^ > 7^<bt:-U7 r >- h 

# U 7 y fb fcf - y 5 s >3I<D U i: ftjgp K £ T*$$ $ ft § * 'J v-y ffl ^ 
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t±, 7i;A;bWi»fflLtjiii^M (uv) ftffl^fcDs (eb 
iaSBasMiEtt^u^-fctt, &&*>®&mm<DEitii"c> #mft<DM&*mm\s 

7*i"7A. ttfc^m-^A. BMbMtt, Mi*&i?©£JSMtu 
i"7As jSKv^*s/i>Afeira)^«^K^K #u {^U7^'fbtf^'j7 ? 

> s 7 u/fbbT-ij7 : >/'\*tf7;i/;*D7*D ei/>&S-£ffc s *-'Jz7'Jd-|> 

(is nmsL*; v-t:^bTjim5 osa%wTs l<«2 omkwtt 

U*) 7'D^b>7*'J=I-;i/^ U7) T7UU- 

K 7^t:>i'y^^^>^^'Jn-^7;^ M7) T7U1/-K 
m&g.2Vk±(D#V x?\s>trV u-fri? T7UI/-K M££2w± 

©*yrPKi/>j^y3-^ (^7) 7^>ji/-f, #u.-*^>x^u>/# 

U^^r^7'Dei/>±ta^Oi; (^7) 7*7'JU-K 77>^^t— )W U 
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m U7) tpvu-y {MJ/f-o-;i/7D;tvhij U7) 7^uu-h N 

^'J-fe'J>h'J (/7) 77'jU-K 7*U^U>cDx^lx>;**^rtt#ntJ© 
HJ U7) 7*7»Jlx-K 7U-fe 'J >CD7"D £l/>;fr*S/ HftiDtl© h U 
7)T7Vlx-K 7'J-fe 'J >0xf l/>^^i/ b\ 7*D t , U>^^r$/ Kfl-flD* 

© h; U7) h^K 4ttiw±©^wtl U7) T7 >j h 

>^x'Jxn-;i/rh7 U7) 7*7 U I/- K ^yU-fe 'J >-\^^ U7) 

mar? u tit4i)i^©i^T- 1 ^t&^y 

t— /HJU ^>F7D>i, ^i^=J>^ ^1/>td>|, yzi — 

v YWiWis ^mmxiiftyM {7f-i/>7;i/*>^ 79 vjit* k- 2 

)iyu.nyxjl^ymm £tztt*ht>(Di& (Li^ Nai&s KiS> f>€r 

i~c 1 8(Dmmm^tzmm^,TJi^-jis 7)i*u> (C2~c4) t^u 

-;K *'Jt;1/*1/> (C2-C4) 7" 'J n-.)i*fi:®ft%)lz^ZT)libLtz& 

N-^^l/vw >@t^ y r ^ b\ N, N-^i^VTl/'f >H^E7^ ^ K&£ 
X 7*7 'J^iXril/ [Cl-Cl 8 x^;K 7'D 

tr;i/ N 2 -x^;i/^^r^;i/ N 7^TD;i/^) 7*;i/n-;ui: U7) 7^ 

^H^x^r/K tfe{i^;i/^rl/> (C2~C4) 7*U3-;i, (x^u>7 
7Dti/>^'j3-;K 1, 4 -7*^>^^-;b^) 7>;i/ 

(C2~C4) ^'J3-;V (#'Jx?l/>^ijD-jW ^>J7*D^U>^ 
£ U7) 71 U^^cdx^t 1 ^] ; (p<7) 7^'J^7^ KSfeli 
N-g$ U7) 7*7 i))V7* K [(/7) -7*7 ';;b7^ b\ N-*?* U7) 
7? U;i/7^ b\ N-*?-n-)\, (A7) ^7 lUl/T* K^] ; h'r^fM 
U;i/X7x;i/ [St^tfx;!/, fls«7'J;m]; tfx;bai-^;i/t feli7 y ;u 
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[(**) 7*7 up - h >j.;u N 7p h>x h [( 
7«7) TV )lT)lD-)imi ; ^f&ftiT 7 ^ > T'J;w^^> N 
* 7x^;M^*)T7 'j;n/-K (p<^) 7*7Ui/-h 

^] ; Sii^^/v- [N- tfr^to h*>, t-ji/tij i;>^] ; *U7 

^ymmmumitym [x:M/> s 7-Dtrb>, 7>u> N -fv/fi/>, ^> 

(C6~C5 0) a-^l/7^f ; >^I^^«^ [»-7 

P^>x> N ^>7D^^r-fe> N J/^^tX 7;U*";i/*>^]; ;* 1/ 7 

[ * h*H] ; ADy>tt€y?- [^be-;w ^btrxi;^> s 7 2Mb 

fyiBxTtf^^^-fco^TtfiJ^-rs £ N <7*»J *>^;i/x— {h*77x 
y-;i/A^7*'J ^;i/x-^;w t x 7 x y -;v f i/ i/ y ;n-r 
ftt7>7iy- ;i/A^7*U $/}>;i/x— t 1 ;^ 7i;-;i/^7 y 77*u 

-x-M/s 71/^-^7*7^77*1) is^Jlx.-y'frmh 

-s^ritt h'D7^^^>^x7r;k 7*^ i?7*'J ^i/Jbx^ri^} 

\ 7*u *>^;i/7^ >n { h t*u v>>77 k f^7"i> s<->*;i^ 

?U7iXjMn'§K ^Sl^x^dpit^ h*m{x^dri/jb^U 7-7^^ 
xtf*Mb*fi*fi^K mmMx-**D--( h*$t{3, 4i^^-6^f;i/>> 
^P^iWM^I/^l/tf^l/- K 3, 4x#*$/>>7P^^>;M?-;i/ft 

it m z mm u x mit $ t ® « <r § c t # t § s o 

xfb>Tl>7;X 3, 9- (3-T^ y 7Pl^Jl/) -2, 4, 8, 10-r 
hDtmtD [5,5] tf^fc^K 1B&m#V7$>m {*$**/ls> 
P7$.>, ^7^7ix^^>^ *'J7^ Kg {tV V-^ij^^ K« 

K ^Tkti^ {i7j(7^i/i, 7 1 h7h HD^f;i/i7j<7^m A^tFD 
«7^;i/^ s ^7jch 'j* u v vm, m7k*3-)\si-i/y?m. 7i7-;i/i {7 
i;-;^5t?7y^K ^u^;i/*7*^> {*u-9-;b7W k*?K i£7^> 
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7*7-;mh ;i"rxK£<MH 7 • x*-;u 7 m&mfb 

*>7^-K i;7i-;M^>^-fV^7t-hs 1, 6 
V$/7:J— K 2, 2, 4 (2, 2, 4) - h ;i/-^t^?U>^'f V 
*>7*:*— K p-7x^l/>i?^fvi/7t- K 4, 4 ' -S^>7p^^>;M 
*y*J4V*/7i—Y^ 3, 3'-^W7i-;i/4, 4'-$M7>>7'± 

f- v^Ti— k >fv7tD>^^vi/7t-h > 1, 5-^-7 

* «t 'J7^>i [2 tf^b^t/ {* N x^ u > 7" u □ -;k 7*d tr v > 7 g 
p-;k ^:n^u>7"U =j-;k ^7*D^u>yij3-;i/^K 3 tt^b^tj { 7* 
•J-fe';>> h ';^^d-;1/7 , p^ , >, 1, 2, 6 -^^ri7"> h »J*— ;k h'Ji 

X ^^;U^;U3S> K«K 5 WIHb£* { 2 , 2, 6, 6-rFH7, (tKD 
=^>^;i/) ^7 0^^;-^ ^xfl/>F'J75>^^ 6 ttifbi^ti { 
v;i/tfh-;i/, v>^h-;K x;i/*> 8 tfg<bi§rt) {7-7 p-7^1 

[mm#>)*-)\/b%i&Mm o,m,p-7^;i/^ nn7 

It> T-fc?5^>i? N -bMS/>|ft % U->7-;i/K} £©H£rtk #U#7P5>7b 
>*'D;t-;i/{*'J £-*7p^7 h >3£h t h'D*^*;^^®!!!^ 

^tifcx ti7>XM^ hiJ7M;i/*7,7 0lS> 75>i [^77^ 
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7*>m{VW>s N-AJ-Jl^Jl*!) yr$>»{N, N, N',N 

'-rh7^fMfU>y7^X N, N, N', N'-rh^^fM, 3 
-7-^>^T^ h VT^>m {N, N, N ' , N ' -^>*^;i/^xf- 

l/> b VT^>mh >m {N, N, N'N'-rh7 (3-^^f;i/7 

> (DAB CO), N, N ' -i^^;i/t^5^>, 1 , 2-S>**-;W ^ 

;K 1 , S-VTWi/pO (5 , 4, 0) <?>:r-t:>-7 (DBU) l£ N 

* «fc t>** ft <DiI?I3!#W & ft S o 

fcfc£oT#$SfcftMK£ftSo jEffifcASfctf-fc^U-^fctf-LTiKJf £ 
u^xf— ;k t-;i/^-«>a n ^jS^Bi^7^;i/A^*s-0iji:L-C#(f &ft£ 

££*0L8gfci£ftfc8fll7 4;i/A£ N «&rt$<ll<z>SMl7-f ;i/Ai: UTttx * 
•Jx5 : -i/>7^;i/A, ^-^d>7^;i/A^©, M#RlfgT-febs A»oW»iltt 
£.W1~£7^;bA##g; u^o 
**«IPJl-«*m©«l*fco^Ttt'l*t:ISJfe$n**©TJttft<s iEffix A 

Ms Afii*«fcVn-;i/«o*^u-^*^-rSRjgiSS?6, M^mm, i¥S 
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<n»j> 

& £ N So IB L £ * ft -5 gjfcft* «fc Jttt01 £ # If T *8 US £ ^ ft 

mmm 1 - 1 ) 

M'?>^>S«-s'^^s Mn : NiOJEfmttfl : l©f"J£-t^*f 

fr&mt&m zmtzo a*** t hib v > # > - 

-y^;]/&&<b£t)£MU tft#»§j«&*!ll6$-&T9£«ltfc^ 1 0 0 0°C 

«©CuKa^CJ;5xy^^|plJrI^0^ 2 5 = 18. 5 8ft s 
36. 3 8ft, 37. 6 8ft N 38. 0 2 ft, 44. 10ft N 48. 2 4ft, 5 
8. 2 2ft, 63. 9 2ft, 64. 10 ft, 64. 4ft£tf6 7. 6 8fttt£t;: 

ofc 0 Kf&*©xy**&|i#rl2*ia3fc:*r. 7G*##r©*S*x TO*OM 
J±L iMn 0 . 5 N i 0 . 5 O 2 T'&S £ fco A h t5. 

R»*A&IE*g?S%Hi: LTflH\ 5 C UTEI 2 1 5 Ah 

bfc. 

jEmmmx-e & % a, fe57tfi/>77y^ » veaai-c & 5 

^'J7>^t-'Jr> (PVDF) £S*it8 5:10: 5T$g£U SSflfcU 
TN-^f;^D"J K>£flD;t, £tt£1KbjES£*tt&llfibfc. lufB 

*m^tfco iiuH3IE;|ig«£J?£2 O//ra07;KSIH|:ciiSCi|iU 
£#0JI££2 3 O/zmfcffliifU 6. 3 mAh/ c m 2 ©gft$J#olE^>- 
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hMLf;, MiBIE@^- h&"@6 1mm, jg£ 1 0 7 mmOMCil UT 
, KD«CJS£ 2 O^m, til OmmCDT^^-^A »J- FfitttDftl* 
> iE««7 ttfc. 

'J:r> (PVDF) £fif3M#^lCttLT 1 Ofi«%*Qx, JgfflfcLTN-* 
^;i/b'Di; K>£fin^ Sft#fcU £4S^«£HS£Lfco ftik 3513*117 

* 1 8 O^mfcHlEU 7mAh/cra 2 0gI$}foti^-FMUfco 
KfEAftS/- h «B 6 5mnu ^ 1 1 lmmOMtilfL^ ^>-h©« 
£JS£10#nu Qg 1 Omm©!0'J-K$&£&t>ttW\ ftffilR 9 Lfco 

H5IBiE«i«7 2lU c AfiHR9 * 1 5 0°C-e 1 2l$IMJBEIftlbfc. -fe.^l/ 
-7 8hL^ M6 5 mm, H£ 1 1 lmm©«t:iilfe^Ux^i/>!!g 
^?LM©l§(ciiyB3IEM£^AU t.MU-^ 8f*§jEffi«7, |«9®)l 

10©*(3 X if h fcyx?-;u*-#*- h fcotfiftjfc 1 : 1© 

fi^*#Jfc LiPF e 41mol/l»»l 6 5 g&A U §*□ L fc 

2 5°Cfc£^Tx 1. 5A, 4. 2 V, 1 5 M©£S«mE&m£fT^ 
, 1. 5 A, l&|±*jEE3 V©^SSfEaS*frofco ^OctdtLTs fit 7 0 mm 
vi!^13 0mm (SS^&a^;* 1 3 6 mm), M2 2 mm<DMB U f- £ 
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(mmm 1 - 2 ) 

t > a y - zz y ^rii/itaft^i o TkSHb V 2- £ A*iSift tciflBv > # > - 
->y>r;i/#?*fb^tl^»b, ^m^«^^^^TMtfef^ 1 0 0 0°C 
T"12B#P B 1 N ^#ISmTT"^bfc^ t^^MLTD M =2O//m0i|&* 

H> WM*<D$&m±h iMn 0 . 6 N i 0 . 5 O 2 T-&3 £ tfttofr^tzo »*£MrS 
Mfc LTffl^fc^feWfci: (H»J1-1) t[B|It:bti2l:f^Ml 

5 Ahvmzv ?v AmmzimLtzo z-omm^mmm 1 -2©tii:t5o 

(H»l-3) 

-y^;i/£*M^«^nu itM^^^^-arT^iiitfc^. l o 3 o°c 

mtfrbhz^ B &®n\<^mtf&i&x%T^%zbftt)fr-2tzo nrnfrtirofa 

^ B.n^(D%m\th i Mn 0 ,N i^0 2 Z*$>%Ztttt)fr-otzo s MMZiEMft 

5 a h <d& m u a « m £ w m t 0 c: © mm * i-3<Dmmtt%o 
mmm 1 - 4 ) 
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v > # > - - »j >j )], &Mc&m *ntz* akttfc U ^ «> A (c fj > if > - 
-y>r)\>%ik4b'&®*®toLs «#«*&Sfcl83*Tl&*Lfcgk 1 0 6 0°C 
T12ISIHU tt*»HftTtf«SrtLfc^ S^MltD 50 =2 0Am©«J* 
£Lfc 0 BET&t:«fc»)»J«tfcJt*iB«ttO. 9m 2 /gT-feofco 
§t*&*© CuKaHCUx? ^ ^»lalJf3B^©|g*s A PMS&fltttt 

Six l£tJ;k©£If#fc*L iMn 0 . 5 N i 0 . 5 O 2 -efcSC: £#fc>7>ofc 0 g[*&*£jE1i?g 

«9RfcLTffl^fccfcw^j± (h»ji-d tmm£Lzw2iz7rst&&m 1 

5Ah©ft^U^-«>Attffli*^»Lfco ^li^iPJl -4©S?ftii-rSo 
(HJ600 1 - 5 ) 

y$\H,£, Mn:Ni0l?Ml : 1 ©SO^-e^tf 
TKM^TK^fb^- h 'J ^ATK^^Spx-Ttt^^^ 1 5 o'cxmm, ttttU 
t y >r ;i/itet<b^t) * f# o zkKfc 'J * •> A zk t Hu IB v > if > - 

-y^;i/«ft<b£«ttU -frTttiftUfcas 1 0 0 0'C 

7:12mm, lt*#H«TT«rtbfc^ i^MbtD 5O =2O/zm0«J* 
hLfc. BET^fcJ:D«!l^LfcJtM«ttO. 9m ! /gTfeofeo 
^t&*® CuKaitiSxy i7 ^^@#fSiJ^©^s *&* A H4R&J|ttflt 

%s &mM<D$&$>&L i Mn 0 . 5 N i 0 . 5 O 2 T"$>£ d £Wt>iwtz 0 s£#&*£IE®7S 

5 A h ©£ m 'J * A Itm § im t o £ ©Sift * fl»J 1 - 5 ©ftft i: f 5 . 

(SHSW1-6) 

«K?>if>MWSI-y^I/S> Mn : N i ©JI?it# 1 : 1 ©*]£■?£& 
■7>if>-xy/r;i,±t^b^*f#7 v co 7KM , ;5 L e7A7K^M(3filB^>if>- 
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JUs «OWliLiMn„,N i 0 . 5 O,T&£C tftfrfrifzo mm^ZJEMm 
(H»Jl-7) 

mm-? > 13 yJkmm-v Mn : NicDJimttfl : lOlU^T^tf 

v>#>-xy>r ;u ±tftfbi§r$) £ m fz o ?J<iHb U * t> A ?J< tcMlE^>^f>- 
= y*;w&«Mb^*j**JDU 9 6 0°c-e 

i2n#Ws mmmmnrzm^Ltciks sfMuD 60 =2o^m©u*i: 

Lfco BET»ti«fcDS!l^Lfcib*iB«(ttO. 9m ! /gtfeof;, 

m®*0 C u K afcfc <fc 3 x y * X*ft|oI9r*l|£<Z)|gft % A fcTOfcJf ttJH 
£ 6 ft 3*£Htt©iig g T ^ £ 3 # tofr o fc c 7C*^#f ©IS 
3I> «©MI±LiMn 0 . s N i 0 . 5 O 2 -e&S£ b&t>frr>tz 0 K»*&jEffi?S 
&JCJ:UTfl§v>fci:fc£l*M± (HM1-1) i:^t:UT0 2t:^t-^S^l 

mmmi-8) 

mm-?>X>RVmWt-y>r)\'** Mn : NiCDfmttf 1 : l©|"J^T*^tf 

?>^/>--y *fr#mc&mi£ ntz o tkm u ^ &?mmzm-? 

btzo BETttfcJ;D«l*UfcJt*H«»±0. 9 m 2 /gtr$>ofc 0 

^Ift*© CuKa»fc<fc*xy * *®@*ffflj£©|g&s A £ l3l$%Jitt$ 
jSi:*6n*ISatt©*VM|t«* l ^*-C*TV>«cil:^t)frofc. 7c*fl-*f©«S 
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£s K*&*®lfflfiJ&liL iMn„. 5 N i 0 , 5 O 2 r*$>%Z o& 0 

«KfctTfflv>fcca:w^ttiW60! (i-i) tmm^bxm2^t^mmi 

(I»J 1 - 9 ) 

im^ytf>%.mnm-y>7)lZ, Mn : Ni©Jimt#l : lOSJ-^T^tf 
zk^ttzkiMb^ h U t> lximm:%7LXmt^^. 1 5 0°CT1A <£'JtUT 

--y^)i±t&ib<&<®)zmtoL, Mftmmzm&zvz&mLtz'iks 1000 

tLtzo BET&tciiDifJ^bfcibMTOO. 3m ! /gffeof;, 

CuKaltJ;^^ * 3£III#f «©*£J1I. A £: mm^M^m 

Uls ^«©*l^(iL iMn, 5 N i 0 . 5 O 2 -e$>^ Z ofc„ 

»»**jE*«S«JKi:UTffliNfc^i:W^tt (HWJ1-1) fcHfllfcbTia 
2 1 SAho^'Jf^AiiMLfco c©ft«il»J 1 - 

(H»J 1-10) 

-=**;i/#tt*b£1to*8MiQU «#&&&£&&3tfT&«LfcgL 1000 

£ XttloUfr ^@4t^f, TC^^flfO^x »O«LiMn 0 ,Ni 0 . 5 
0,7?*«cfc*«*)A»ofe.tt»*ftiEa««JJC!:LTffl^fccfcW^t4 (H»J 
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1-1) tmwuzLzm2£7*t®mmi SAho^i'jf^A^M^tfe 
o zommznmm 1 - 1 o®sm£:-r&o 

mmm 1 - 1 1 ) 

7km&£7mib± h 0 £AzkiS**JnitT#i*£tts 1 5 0°CT*iP^ SStttT 

- = **;i/#iMb^»*»ftiU «#£S&£iil63*T*£AILfcgL 10 0 0 

^Lfco BETSt-«t D^tfeitMSitt 1 . 5m 2 /gf$.ofeo »©C 
u K a mz £ 5 x y ? *»|ll*r»|j£® *SJHs A i: Htlfc&JlttK£ J: #6 ft* 

^tzztpm&mmm a-n tHtttb-cia 2 1 5 Aho^f 

(Jtttft! 1 - 1 ) 

SSftT^ifVMII-'J'^t Mn : N i®JST?Jt#l . 9 : 0. 1 ©10 
^■C^tt***fc.7kK'fb^ h 'J *A*$&ift&7JD;fcT#«:£-&x 1 5 O'CTJP^ 

9 5 0 o CT3B$P^ s K*»H»TT-*«l*Ufc^ iWHUD 50 =2OA 
m®*&*i: Lfco BETatiDilUMIiliO. 6m7g^ofe 0 

»OCuKaitJ;5xy ^^^0^881^®^^ 2 5 = 1 8jg, 3 7j£ 
% 3 9«x 4 5jg N 6 1g N 6 5&x 6 7&fc[s|#re-*#R#>&*U »C 
2/m{C^1-?)j■«g^®^*^T*tTV^i>^i:^to^ofco 7C*^4ff® 
«OiMiiLiMn 0 . s5 Ni 0 . 05 0 2 -efe^i:i:A 5 tj!)>ofeo 

affittKfci/Tffl^fccfctt^ji^jiiw (i-i) tmmzLzm2iz7jit®m 
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So 

ummi-2) 

>#>fbl%«»U ft#ft$Ji$ft8$ttTttttLfc&N 8 5 O'CT 3 

BE TiStCt t) « L fctbUMtt 0 . 4 m 2 / gtfeofe. lulBI&*© CuKa 

ZZt&tefr^fzo 7b%ftffi®1&m, g[|&*©jiflfiJS(±L i 1 . 05 Mn I . 9S O 4 "C&Si 
h#fc*^fe„ ^U**IEa?Stl^i:UTMVNfc3i:W^(± (H«J 1 - 1 ) t 
TOfcLTl2 2fc:^-rgfliS&l 5Ah©^i^«>AII^»Lfc. £©Si6 

(ifcRfll 1 - 3 ) 

y^Vl/^ Mn : N i©Ji^Jt#l : 1 ©S0^T?^tr 
*»*tl*BMb^ h U £ A**«*iQ*.T#ife£tfs 1 5 O'CT-Ms S£«LT 

-=y*;w#tfcfc£»4*«Hiu SWI^l^^ttebfe^ 10 0 0 

Lfeo BETffit:J:D«(^UfcJt^iB«tJ±2. 0m ! /g^oL 
&»*© CuKaJSfciSxy * * j&Htfr «iJ^©^s t&* A t l§tt§&JitMf 

&»*©*Iri&ttL iMn 0 . 5 N i 0 . 5 0 2 T-&S££#:fofro£o f£*&*£MrS 

ttKfcbTjBi^ mmmi-i) tmmzbxm 2 tz^r^m® 1 

5Ah©A7^yf-^A«»*f^«tfc« ClCliSWJl -3©mm£-t£o 
(ib«0U-4) 

«-7>^>.at>*M-y^;i/$, Mn : N i ©^-?JtA s 1 : 1 ©fiJ^T^tf 
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--v>r)\,&mb'&'to*mnLs mn^mm^m^^x^m^tz^ soo e c 
fec^j^^ni (iwu-i) tmn£Lzm2 t^t^m.® 1 5 Ahoftmv 

(Jrt^iJl-5) 

«iIgx'>**>.Srj«i^- y ^r;i/£ N Mn :NiOfmb#l : lOiJ^T^tf 
TkMtTKSHb^ b 'J £A7j<«£#n;tT#i;fc£-t>\ 1 5 O'CTrM, &jtLT 

-r:^>r;i,±t^<b^^:^nts i*Tii&*£ bfc^s 10 0 0 

iibfeo BET^tCct D?9J^UfeJ:b^@aii0. 2 ra 2 /gtfe^fc 0 K^*© C 

ffilftgL iMn 0 . 5 N i,,0 2 t^5;^bi)>of; 0 
(tbWJi-6) 

«Kv>^>S7jc«K-y/r;i/^ Mn : N iOJimttfl : l©I"J£-t'^ir 
h 'J *A&®m*toZ.T&&$i£, 1 5 0°CT-j!lP^ 3£«bT 
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--ytni&ikih&mzmuu mn&mmzM%2iZTi&mLiz&, 1100 

mtbtzo BE T^tdi VmfeLtzitmmmteO. 2mV gXtb-Dtz* mi®*® 

©S&JfcttL iMn 0 . 5 N i 0 .50 2 T'$>^Cl^^t>^ofco^l&^^MrS^Mh LT 
ffl^fcdfcWftfc* (H»J1-1) fc|qltBfc:UTEI2 fc^"T$*»l 5AhO^ 

mmm2-i) 

*HRt>#> % >y>r;i/£, Mn : N i ©E^Jfctf 0 . 9 5:0. 9 5© 

ai^Tf^trTicSfttTkR'fb^ h u ^a.tk^^jp^-c^^-bts i 5 o e cxmm 

tfV-^y^U^ftfb^tlfc*^^ 7G*JtL i : Mn : N i : B#2 : 0. 
9 5:0. 9 5:0. 1 0 tfrZ «fc 5 U 1 0 0 0°C"C 1 2B#Hg, 

i^TT'Wlfeis S?*^ilTD M =9//mOj&*i:Lfco BETStJ: 

io.47 5 Bo.o 5 o 2 -e^s-^* s to*^fco m**]Enm®)%bLx ruiz z turn 

(HWJ2-2) 

$ji?T>#> N fiB-^OTift^T-y^ft, Mn : Ni : VCDjfmb 
#0 . 95:0. 95:0. 1 (DWi^X^tS7kmmiZ7^mt± h V l> A**«t* 
2)D*.T#i*£-fe!\ 15 0'CTMx SgjftUTs v>^>-->y^;i/-/^e;e7A 
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AttM^tj^Mu mn'&®m*i&m$#x®,mLit'&, 1 o o o°ct- i 2 

o BETStct bMfeLtztmmm&O. 9m ! /gTfeofe 0 i»CuKa 
L i Mn 0 . 475 N i 0 . m V 0 . 05 O z X$)Z>Zt&t>fr^fzo ^&3fc£IEil7St)K*: LT 

ffli^fcwflfct (mmmi-i) tmm\zLxm2izm?<gmmi 5 Ah©^ 

7BV?-£A«vt!!£MUfco £©*«H»J2 - 2©m?&i:1-.So 
(HWJ2-3) 

5JiSgg-7>#>, m^-v>T)\'Jkmm%T)V%=-^k^ Mn:Ni:Al©I 
^tb#0 . 9 5:0. 9 5:0. 1 <Dm-&X^tS7k®miZ7km<ti- h D £ 

- 1> hmti^^i *mtzo u f - * a 7k®m ^mm^>^>--^^)v-T 

)l* -£A&ttfbi!r^£»U »1^I^^^^^T^bfc^s 10 00 
°CTl2BfF^ ^#fflMTtr*Mtfc^ *i^<&MtTD 50 =9/zmcD|& 

mtbtzo BETmz£*)m%.Ltzttmwmzo . 9m ! /gt*ofe, 

©*I$&L iMn 0 .47 5 N i 0 .47 5 A lo.o 5 0 2 T'fe^Ci:y!) s t>^ofeo ^ffr3fc£IE1gi£ 

tufa Lxm^tzz burnt (^wji-i) tmmt lxm 2 t^t^mm 1 

5AhCD^I'Jf^Atil§#SLto ^©mffe^^»J2 - 3 ©mflil^-f 
(»^J2-4) 

SSIgT>^>, WK-y^Vl/Xtfag^y^^A^ Mn :Ni :Mg©I 
^tbtfO. 9 5:0. 9 5:0. 1 ©iJ^T'^tfjJcMlCTkiMbt h U £ A*S 

> £ A #fcfc<fb£$J £ f# o TkKflj U f- 1> A TK^tt (3 hu 13 v > is > - - y - t 
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%&^&(DMi^®tf&]&-(;%T^z>zttft>fr-otzo Kmmft<D&^ mm* 

©M&L iMn 0 , ?5 N i 0 . 475 Mg 0 . 05 O 2 T$)§il t&tofr-otzo mm*ZiEM%i 

®ftt iszm^tzztumt (^»ji-d t mm^Lxm 2 tz^tnm.® 1 
5 a h com* u ^ ^Aii^fti t tz 0 z <Dmm*mMM 2-4 ©mm 1 1 % 0 

(«0'J2-5) 

Mv>#> N «^->y^;bSt>*fig^n^-;uh$, Mn : Ni : Co©J§mb 
#0. 95:0. 95:0. 1 Of!J^^tf7Ki§^C7X^b^ h 'J A?mm^ 
mz.T&&g-&s 15 0°CT*)Ms ^ILTv y;u-zr;N";i/ h# 

ftfbi^ti 7ki£4b 'J f - e> A;J<«£ buI3v > # > - - y ^r;i/- 3 h # 

ftfbi^ti£»u »ffft»Ji*a!(ii5**T«£*Lfc^ 1 0 0 ova 1 2f$ng 

ckSx y ^^i»|5i|f $J£©$S5ls A £ITOfc/l>tM3H£fc# &*iS*SStt©ffi 

Mn 0 . 4 7 5 N i 0.475 C Oo.uOjtftSitilitifrofc, -©f&*£«£Mr£#m 
i:LTffl^fc;r £W*Mi (HJfB^l- 1) tmnt hxm 2 fcrnttemm 1 5 A 
h©fcJ£»;^'>A* < l£ftaKLfco -©^vfe^HWJ2 - 5©mmi:-r§o 

(UMI 2 - 6 ) 

«g&v>#> N «88=^;i'fitRBIIj'DAS N Mn : Ni : Cr©fmt# 
0. 95:0. 95:0. 1 ©ffl£-r£tr***fczklMb* h U »> A*»**3&D 
£Tft*fc£i*\ 1 5 0°CT*flD^ ^LTx x'>^>--y^;i/-^DAit^-fb 
o *BMb U ^ •> AzkiSftfc: huIB t >i/>-r^;HY^i/i>A« 
«Wb£***iOU ftffai6«l**IIB*-&Tte*tfcfts 1 0 0 0°CT» 1 2 B#f^ 
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M n 0 . 475 N i 0 . 475 C r 0 . 05 O^^S^JitffciPofco £ (Dffijfc JESrS tl % 

(H»J2-7) 

«&^>#> N mWL-y>r)]'RVWt1h1 L 9>*s Mn : Ni : Ti©JSmt# 
0. 95:0. 95:0. 1 ©ll^-C^rtr*»*C*»flS^ h U £ A2kjg«[*i0 
*.T£tfc£-8\ 150°C-eiD^s - y ^^-^^ >&fcfc<b 

ttgauiou &w%tmm%m%$i£T&mLit&* 1 o o o°ct- i 2mm, mm 

»l^T-C*MLfc^ bTD 50= 9 //m©B*i: Ufco BET& 

Mttt^^Ct^b^ofco 7G*##r®£J^ L iMn 0 .475 

Ni 0 .47 5 T i 0M O t -C$>&z£1fit>iw1Zo z<DMjfc*%ft&ZiEm%i®)K£ LXffl 
VNfc^ilW^tt £RltllfcUTia2 t^l-^g^Jl 5 Ah0^ 

y f- 1> a s^fe* rtM Ltzo z. (ommzmmm 2-7 ommttz* 
mmm 2 - 8 ) 

M^>#>^ W«=y**atfWHM** N Mn :Ni : FeOJi^Jt^O. 
9 5:0. 9 5:0. 1 CDSJ^T-^tfTKMfcTKM^ h 'J £ A7k«£inx.T 
15 0°CT*iP^ »IT, ^>#>-->y^;b-$&£fr(b£«f# 

ft o *K<b u f - 1> A*j§at tuiB t > # > - ^ * t )\y -fkmtft&m z » u 

»#«*jiS*IIB£tfTl6**Ufc»x 1 0 0 0°Cf 1 2B#P^ »**BMITT!* 
ttl«Ufc&, tt^*£ttLTD w =9/m<Dtt*fcLfc. B E T&C i 0 U 
fcit^iHSIfcfcO . 9m ! /gT^L i»C u K aUC «fc 3x y * X$5[e]#t 
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l^i^Wof:, 5t;fit#*fr©*SJIIx mm^mmiZL iMn„,, s N i 0 .47 5 F e 
^tt (UI»J1-1) i:Isl^t:tTEI2(3^1-^fi|tji SAhcM'Jf-^Al 

m * <m t o c: © mm * h»j 2 - 8 © mvfe in- o 
(mnm 2 - 9 ) 

M^>#>> l^-^Ml/MI^ Mn : Ni : Cu©Jimb#0. 
9 5:0. 9 5:0. 1 ©|iJ^rT^tf7K^^(C7K»^ h U AtK?§^*Jpx.T 
15 0°C-eJP^> «LTs ^tfy-^y^-SEft^bll-tJ^f 
o 7«fb «; £ a 7k & $ (c flu IB -7 > # > - - y >r )V - m £ it 4 b£ ti £ U s 

mftmmzM%gitz& l mbfz'&s 1 o o o°ct- 1 2b#f^ mmmm^Tz** 

t&f&Vtz'&s ^£#l&LTD 50 = 9umOmMt L£o B E TSC J; D t 
fcJtM*g&0. 9m ! /gt*^f; c ^*cDCuKai^tzJ:-?,x>j/^x^lIl#T 

V^d tftfcffr^tzo Ttmfttiiomm, m*&M(DmtfH±L iMn 0 ,, s Ni„,, s Cu 

i) tmmzLzm2iz7rsT®mmi 5 Ahvmmr^&m 
(mmm 2 - 1 0 ) 

«v>#>, ffiM-v>r)l$.vmM&®i*, Mn : Ni : Zn©imb#0 
. 9 5:0. 9 5:0. 1 OfiJ^-e^^XMtCTk^b^ h 'J £ A7k*g?££JJ0;L 
T&tfc£-g\ 1 5 0 "CT-flPfL SILT> v->^>--^^r;i/-aiS±t^fb^ 

mu mnm®mzm%$i£z&mLtz'&, 1 o o o°cz 1 2 eh, i^nis^ 

T^»$L£f£ N »^^bTD 50 =9>amCD^*i:Lfeo BETSi:J;D 
MfebtzttmmmteO. 9m 2 /gZ$>?tz 0 i»CuKaiii:J;5i«^7 



44 



WO 02/073718 



PCT/JP02/02284 



0.475 Z n 0 . 05 Ojt^5Ci:^ofe, £©©***&**IElIi£$>Ri: UTffl^fc 

ztaxmt (mmm tmmizLxm2iz^t^mmi sAhomzv? 

^A«**f^«Ufc. d©m«fll£0iJ2- 1 0cD«ffeht-2>o 
(i£$$0'J2-l) 

»?>#> s HK-s'^WlBav^i'^^ Mn : Ni : Mg©JgC 
?J£#0. 9 5:0. 9 5:0. 1 <D®&T"gtS&®m£&m4bi- h 'J # A7j<jg 

*s t> a &mh&m *nito xmia vj-oa ?mm c mm-? > # > - - * t ji - t 
^*s/^Att«sfls^»4»jau iffftiK«in$«tefliufc^ 1000 

OCuKa»t:j;5xy ^^»EIJf«I^O«g^ A 

*©*Mfci:L iMn 0 . 4 7 5 N i 0 .475Mg,.o 6 O z -Cfe* it ofco 1£*&*£IE*S 

*S$lRfcLTffl^fc£i:«*M± (H»J1-1) fclTOfcUTEI2 

1 5 Ah©fcJ&y^*A«»£tfUWbfco £©S«J:b»J2 - l©Sftili:T<S 

o 

M2-2) 

Mv>#> N Wil=»y^;i/atni!IKT^»>i>Aft, Mn :Ni : Mg©fi 
^JttfO. 9 5:0. 9 5:0. 1 ©»I^T$tr*»ftfc*Kft^ h U •> 

* A &tfcfb£t) % ft it o 7k$M b U f - •> A {3 m ffiT > # > - - y ^ ;i/ - v 
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©MliLiMn M75 N i 0 .47sMgo.o 5 0 2 T-&£c: £#fc>frofco TO*£IEMr£ 

[MHftJMgJB] 
(§!»J3 - 1) 

Mn : Ni©^Jt3b*0. 9 5:0. 9 5© 

%y--y^)\,&mh&mh*^®.*7in\k'L i : Mn : N i : B#2 . 0 0 : 
0. 95:0. 95:0. 1 fcfc 3 «fc 5 fcSSfln U 1 0 0 0°CT 1 2 B#P^ N gift 
#Bfn r "£ttJ#Lfc&N *fc^£#»UTD 5o =9#m0»;fe£:Lfco BETSC 

<fc t) m%. l tz ttmmmit 1 . o m 2 / g -e & ^ it . to*© cuKaiia^K^ 

*B©«i^l4L iMn 0 . 4 7 5 N io.47sBo.o 5 0 2 ffeS Z t&tofrvlt. 

uzftfafrffi-zteB (xtm) izmmtrnffiLTuzoftmrnzhrz (mi# 
m) 0 mm*B*iEmmv>)ntLzm^tzz£vmi± (mmmi- n t^tu 

3- lcDttmi: i-^o 

(IIM3-2) 

«v>#> N OT-y^W M^S^A^ Mn : N i : VfDm^tttt 
0. 95:0. 948:0. 1 (Dm^X^tST^mm^miti- h 'J t> AtK&M 
ftUT 15 0°CT'MIU IS^tTs v>#>-~ 
&&ft-£t) § f# tz o TkiMb U ?• £ A fy 13 v > # > - =. v >T)\, - )M- V t> A 
4h£%)t**®*7tmifL i : Mn : Ni : V : B#2 : 0. 9 5:0. 9 4 8 
: 0. 1:0. 0 0 2 £&S£-5 till, 1 0 0 0 *CT? 1 2 B#ffl N ^^SHm 
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t-|T^53J:i)Stefrofeo tg^##t©*£JJIs »0l^(iLiMn w , 5 Ni 

0.474 V o.os B o.ooi 0 2 T * § C £ # t> O fc o 

(*Jfi093 - 3) 

mm-ryjsy, mm-v**, mmr)iK-^A^ s Mn:Ni :Ai©jg^p 

irb^O. 95:0. 948:0. 1 ©#J-&-C£tr.*£«fc*l&'fb* h U * A.*& 
»*SPitTtta:$*s 15 0°CT"M^x &^LTx y^-z^* 
- a ±ttfc (b£rti£ o *Kfb * a t Huia v >• # > - - y - t-;p ^ - 
£A«&fb^i:*£i?£7GfjilfcL i : Mn : N i : A 1 : B#2 : 0 . 9 5: 
0. 948:0. 1:0. 002 «fc -5 fc&flOU 1 0 0 0°CT 1 2B$IHk 
KiWTt*MLfc^ l^^iltD 5 ,= 9^m®U*J:lfe. BE 
T&fcJ;D«iJ£bfcJfc&iBfcttl. OmVgt^fe, i^OCuKaiia 
S x * * ^®@*r«iJ«©S|S* % A 2: BlfR%ffttft& * & ft* *ggtt©Hv> 

n 0 .47sN I0.474A lo.osB 0 .oo.0 2 -efe?)C^^t>^ofeo tt Z>o 

3©mvfei:-r§o 
(HH0I3-4) 

B3K^>#i^ *«T^S/i>A* % Mn : Ni :Mg(Df? 

it# 0 . 95:0. 948:0. 1 <Dm-er"C£t!frmtiHz&Wt{b* b U £ A.7k?§ 
«fln*T&tt£-g\ 15 0°CT'io^ ^lut, !r;i/-T^ 
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> 0 A #Wb&®> *%tz 0 V ? tf A * m& £ T > # y - - y >j )l - v if * 

ist2>#mb<&W]b*t>&Z7imttL i : Mn : N i : Mg : B#2 : 0. 9 5 
: 0 . 9 4 8:0. 1:0. 0 0 2 t & S J; o «flO U 1 0 0 0 °CT* 1 2 W 
s ii#i^Tt'*Mlfcfl t?^iLTD 50 =9/im©l&*i:lfeo B 
ETSCtD 8flj£ U fcltSlSafci: 1 . 0 m 2 / gt^ofe, WiB*<D C u K a illc 

M n 0 .47 5 N i 0.474M go.osB o.ooi 0 2 -Z$)Z>Zbifit>fr^tzo 
(H»J3- 5) 

ffiM^yJSy. ffim-vtrJl, ffiM^^Kh*. Mn : Ni : CoOJ^^hfc^ 
0. 95:0. 948:0. 1 (Dm-&XStS7mmZ7kmtl- h 'J t> A7k«£ 
*QX.T&i;t£-fc!\ 150°CT*M?k ^bTs v - - y ffr-zvv]/ b& 

^•fb^-tl^^^^^TU^hbL i :Mn:Ni :Co :Btf2 : 0. 95:0. 9 
4 8:0. 1:0. 0 0 2 tKZ&o Jc^ftiU 1 0 0 0 °CT 1 2 mm, 
®n~FT'*!&ffiLtzms t?$MltD 50 =9 / am©^J:lf; o BETgt 
Xbmfebtcttmmm&l . OmVgtfeoL «CDCuKaii:J;§xy 

£j#-etT^£££#;fofrofco TC^^ffOlS^s §£;&*©*lj$&L iMn 0 . 475 
N i 0 .474 C o o.o 5 B 0 .ooi0 2 T*&£ -3fc 0 

»**IEilrSWi:bTffl^3tci:JU^(i (HWJ1-1) £|H]$£UTE] 
2!c^-r&ftm 5 Ah0^U^A®«(tMLfc o £©^«0i»J3- 
5<D€vlfei:-r?)o 

(IWJ3-6) 
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$$?v>#>\ SH^DA^ Mn : Ni : Cr©J^it#0 

. 95:0. 948:0. 1 ©iO^T'^tf.TK^tCzk^b^ h U £ A 7 .k?§r&£iD 
X.T±fc&£^ 15 0 o CT*D$k &*ILT. T>#>-- y^-^DAitft-ffc 

^ £f# o *Kfb y -J? a fii3-7 > a > - - y tni - # d a &wt& 

^Jtt^m^TtMitLi : Mn : Ni : Cr : B#2 : 0. 9 5:0. 9 4 8: 
0. 1:0. 0 0 2 t&5«fc-5C»IU 1 0 0 0 "CX* 1 2 BfF^ K&flBflT 
T-$*«L£@L n?Ztt®.LXI) 50 =9 umO®*tLtio BE Tfcfc:«fc t)»J 
£LfcJ:bII®&(± 1 . Om z /gT"&o;to TO0CuKaHt:J:5x^^ 

§TVNSdi:^t>^ofec 7z%fttir®mm, «©MttLiMn 0 . 4 , 5 Ni o , 74 
C r o.os B o . O0l O , h#fofrofc 0 

2t*ihgfim 5 Ah®^7B'J^»>Amvfe£^MLfco -©mvfe^HlfS^J 3 - 
6©mvfei:-rSo 

(«0>J3-7) 

ffim^>X>\ im-vVfrs Mn : Ni : Ti©Ji?i:b#0 

. 95:0. 948:0. 1 ®m&T-<&ts?kfemiZ7kmbi- V V £ A 7 .k}£r&£Jn 

x.T±tit^-frs 15 0°c-cjd^ Slit^ ^>^>--^^;i/-5 L ^>tttt'fb 

^* * • u ^ •> a * *« fc tiria ^ > * > - = y ^ ^ - ^ ^ > * ttfls^- 

t/£*£St£7u5itJ:bL i : Mn : N i : T i : B#2 : 0 . 9 5:0. 9 4 8: 
0. 1:0. 0 0 2 i:%§j:9l:ttU 1 0 0 0°CT- 1 2 mm, B£fii#lfflMT 
T*»/#b£^ .fi^£#iSKLTD 5 o=9 ^mO^Hfe, B E T&t <k 
^Lfeib^fflfKi 1 . Om ! /gffeof; 0 «OCuK«Hi:J;§i'y^7i 

$T ^ 7>ofc 0 5cHi##r®*gJl^ ^»©«(iL iMn 0 . 4V5 N i 0 . 474 

T io.05Bo.OOl02^^>^> Z-hfttotPritZa 

mm^zjEMfewntLzm^tzztimtt (h»ji-i) tmm^vxm 
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(«0iJ3-8) 

®m-?>%>, ffiM=.v>r)ls m®&*. Mn : Ni : FeOlfit^O. 9 
5:0. 9 4 8:0. 1 om^X^ts^m^miht h U £ A*»«*jQjtT 

fco *«fls u •> A*»*fc«naT > # > - - v t**>mz 

7G*JtL i : Mn : Ni : Fe : B#2 : 0. 95:0. 948:0. 1:0. 
0 0 2fc&*«fc5fc8HKlU 1 0 OCC^l 2B#Ws K*#B8flTTf*^Ufc 
»£#ISLTD 5 o=9,um©)&*i:bfco B E TJSfcJ: DM^t&Jt*® 
ft ft 1 . 0m 2 / gX&itzo SM&*©CuKcr«fc: **i»lHl*r9J£©*5 

&toti>^tzo TtmftffiOtiB^ m&*.<DM&L i Mn M!5 N i 0 . 474 F e 0 . 05 B 0 . 0 oi 

»J|»**iEffi««5jli:UTfflv>fcci:^tt (nMMl-l) tmnizLxm 

8©m?tb^-rso 

(H»J 3 - 9 ) 

igiSv>#> N >y-ir;u N M§B£s Mn : Ni : C u ©M? Jfc# 0 . 9 

5:0. 9 4 8:0. 1 0ffl^7?^tf*S«t:*KflS^ h U £ A*$gtt*fln*T 

fc o zfcgMb »; £ a TKMfc: buIB-t > # > - - y -«#«Mb£tt 
7G&Jt L i : M n : N i : C u : B # 2 : 0 . 95:0. 948:0. 1:0. 
0 0 2 fc&SJ^fc&jbPU 1 0 0 0°CT- 1 2B#^ N tt**BSlT"C*ttfifcbfc 
&x »£#£&LTD 50 =9/zm©*&*£:Lfco B E Tffifc: <fc D » Lfcttli® 

»* A TO fcJltWftig * & ti* $gg£© Av>JMB #£bSt- S X v^ s c 
#fc>frofc 0 tc^^Jt©^^ »©MliL iMn 0 . t?s N io.fi ( Cu 0 , 0i B 0 . 0)! 
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mmm3- 1 o> 

ffim^ytfy, tt&t-ytr)l* m.mm&*, Mn : Ni : Zn©J^J:b#0. 
9 5:0. 9 4 8:0. 1 ®fdl!rT^tf7j<i3$fc7j<$Hb^ h U t> kikmmZMx. 

xmt-^^s i5 0 o C^Ms Sg«utx •?>%>--y f r)i<-®%imkib'&®) 
Zmtzo zkSMb U * A3K&ifcfcliuf2v > # > - - y >r;v -E»#artb£* i: * 
£K&tg*J£L i:Mn:Ni:Zn:BA52:0. 95:0. 948:0. 1 
:0. 0 0 2 £&3cfc5tc«U 1 0 0 0 •C'C 1 2 WfH N t^IiMTt*! 
J$LfcgL ^MlTD 5t =10/imO«J:lfeo B E T^t<t DilJ^b 

ofc„ 7c3R^*f©^ N ^«&*OWiL iMn 0>4J5 Ni 0 . 4H Zn 
o.os B o.ooi 0 2 1? i: # t> -o tz o 

(ib»J3-l) 

«Mt>^> % fll»=yer;i/ft, Mn : NiOlWO. 9 5:0. 9 5© 

x «S*bT, ^>#>--y^/l/&ft<b^j£##:o *»flsUf-»>At:«r«BT> 
^j>--y>r;iV#^b^tli:^^^$7C^J:bL i : Mn : Ni : B#2 . 0 0: 
0. 95:0. 95:0. 1 fcfcS«fc3fc*ftlU 1 0 0 0 6 CT 1 2B$Hk B* 
ii^TtMlfei, .^$^IltD 5 ,= 9,am0tJ*J:Lfeo BET^t 
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tt»**IEttiS*KfcLTffl^fc£fctt*tt (H»J1-1) fcEtRfcbTEl 
2C™i!ll SAhOM'Jf^AtMfflSlfco £©m«J:b«J3- 

Ot«0«3-2) 

fflv>iiX «-i!rMsMn:Ni0RMO. 9 5:0. 9 5© 

Hy-- y *}l&iki\j&V0b*OmZ7bmitL i : Mn : N i : B#2 . 0 0: 
0. 9 5:0. 9 5:0. 1 fc&£«fc$fc8MjDU 1 0 0 0°CTl 2B$NU 

J: !3>i^tfcJ:b^®att2. 4ra 2 /gtfeofe, KtJ*® C u K aHfc J; fcx y 
N i 0 . 475 B 0 . 05 O 2 T-fe-5£ t&t>frvtc 0 

2fc*-n§FS#Jl 5AhO^'Jf^ti^»LL iCDS«l*Jtl!e0l 3 - 
(**0I4- 1) 

«v>#> s «K-y^;i/StJ c «gK=i^;Ub* N Mn : Ni : Co ®m?tk 
#9:9: 2<Dm&tttS*&mt&Wl<bi- h V *J*&&m*1ialT#%Z#s 
15 0°CTSD^ 7^>-=^n-3/^ h£*fbl§r«*§£o 

1 0 0 0°CT« 1 2B#P^, lllfillTt'Mlfet> ^iLTD 50 =2 0 
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S»*OCuKaiStlJ:*xy^^S|5l^f«!lS©eSN 29=18. 5 6^ 
36. 56 Its 37. 76 38. 2 4 g N 44. 32 Its 48. 4 It, 58 
. 4j£s 6 4. 16ft, 6 4. 8Jg, 6 8. 8ft£|al#r #R«>& *U 
$ R 3 m jS f 3 1 it i: S to ti § £g 1 4 © & ^ # ffi # T £ T V n S £ t # 
to^ofeo gEi»*©xy ^X^IelJfEl^lll5{c^s-ro 7C5R^«fO*g^ Si*&*© 
«liLiMn u5 N i 0 . 45 C o 0 .,0 2 T-&& C htftofro fee D tt 

(H»J4-2) 

mWt=-<irtr)\'RVffiWt3JV\/b*s Mn : Ni : Co0J5T?J£ 
#2:2 : 1 ©#J£T£tr*ig»fc*ffiMb:J- l> 'J •> A**«E*JPitt*«S$-&x 

1 0 0 O'CT- 1 2mm, H^i^TtMlfcis MltD M =2 0// 
JUs iW«ttLiMn M N i 0 . 4 C o Q . 2 O z X$>ZZ t#t>fritc, 

jEm^wtLxm^tcztumt mmmi-i) tmm^Lxm2izmt® 

(*tt«4-3) 

fiSKT>#> N Wlt=y /Wh*x Mn : N i : Co©^lt 

#9:9: 2 ©W^Td«t***t:*»<b^ h 'J £ A7k^§j!jD;tT#i*£-&s 
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i o o o"ct-5b$p^, ^mmm^rrmmbtzWis #&ltd 50 =2 oum 

TO*© CuKaiCi:§x^^ 8£la]#r<»J£©*S^ D i: |el1f &;i>tMf£ 

3t> il&*Ollil±L i Mn 0 . 45 N i 0 . 45 C o 0 .,O 2 T"fe^ C J:#fc>fro fo TO* 
£MrStilthUTm^£hJ^M£ (H»J1-1) iiTOt UTH 2 Izmir 

(H»J4-4) 

«v>#> N fiN^-y-ir^SOT^^ h£ N Mn : Ni : CoOjgmb 
#9:9: 2 ©aa^T*^tf*?StSfc*K^^ h U •> A**«*»P^Tfti*$^ 

1 0 0 0 , C-C2 0m &5fc£ffl^T-Cffifi&Lfc&. MltD 50 = 5 //m 
©»*i:Lfco BE T&izJ; !5M£Ufcit3tMfci: 1 . 5m ! /gt^^;„ 
TO*© CuKafitiSiy ^^^0^IiJ^©^^ »*D fclsIfiS&JIttfli 

TO*©Mfci:L i Mn^N i 0 .«C o^Oj fc^o fc. TO* 
SiEtEiSttX*: UTJfl^&dfcttfttt (H»J1-1) fc^fi|fcb"rH2t:^-r • 
gfiJfol 5 Ah©^ 7 BU5 : -^Amm^#Mtfco d©«m*n»j4-4©mm 

ffim-?>J3>s mWt-vlTfrs Mn : Ni : Co©j^Jt# 

17:17: 4 ©ll^7fd«f***C*ttfl3^ h l ) t> A*8*ftJn*T»ifc£tf 
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jmiV)*^k£.m&mb&mh*bWL%n>%& 1 L i : Mn : N i : C o : Bit 
2:0. 85:0. 85:0. 2:0. 1 £ &3 «fc -5 (3» U 1 0 0 0°CT- 1 
2mm, $?IIHHmTT*ML£gL MLTD M =9^m©U*J:lf; 0 BE 

t m £ j; d « t tz ttm.mm \$ 1 . 0m 2 /gt^ofe o 

Us TO*0illJ$&L i M n 0.425 N i 0 .42 5 C o 0 .,B 0 . 05 O 2 Tfe§ £ b1$t>1*^tz 0 

(mM0n-6) 

ffim^>%>, mWt-vtDK flflg^.AVi, b£7J^b^^A^ Mn : N 
i : C o : V<Dfmb# 17:17:4: 2 Oiy^^^K&r-ifctCTkitfb^ b 'J 

«JIU i«I§If§^ttffiU;t, 1 0 0 0°CT? 1 2f$F B ^ ££g 
l^TT*«lfeis #$&bTD 50 = 9 jumOB^t Lfeo B E T&ic £ t> M£ 
LfeJrb^S^iil. Om 2 /g-c-feofe 0 

L iMn 0 . 425 N i 0 . 42 sC o 0 . 1 V 0 . 05 O s t-feS^J:^ofe„ 
»<&5fs*jEflitg^StfcbTfflV>fcc:i:a^l± (H»J1-1) LTEI 2 

fcjjVf&*#Jl 5Ah(DM'Jf^SMffllfco CCD««2l»J4 - 6 

Ni : Co : A lOffi^tttf 17:17:4: 2 ©|iJ£^tf7.Mg?&£7j<gg<fb^ 
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itGtozmuL, ®n'&m%zm%z : &znmLtz'&, i oo o-ct-i 2mm, 

»*#H»T-C»J*tfc«> #$bTD 50 =9/*m©*&*£bfco BETSti 
t)«l^UfcJt^lB«H:l. OmVgT&ofco 

Um^ommtL iMn OA25 H i 0 . 42S C o 0 .,A l 0 . 05 O z Z*&2>Ztftt>ii>^tz 

2 (I^-r^fi^J 1 5Ah©^'Jf«>A«MffSlbfco £©m«fl«J4- 
7©Svfei:-f So 

(HWJ4 - 8) 

#jSgv>#>- % «3^l/h&»i?v^^>e7A£, Mn : 

Ni : Co : M g®M?ft& 1 7:17:4: 2 ©ffi^£tr**ttfczktt<b:*- 
M;*A*8*ftJO;tT#i*3tf, 1 5 O'CfjODf&s ttMkU T>#>--y£- 

fb-^^Mu &$8&-& , t$£4ftbfc&x i o o o°c-c- 1 2M N 

iifi^Tti^Lfe^ MUD M = 9 jumon^t bfco BET&CJ; 
t>«Oj£bfcJt£Mfc*l. OmVgTfeofc, 

Six ©«S^tt L i M n 0 . 425 N i 0 . 4 25 C o ,., M g 0 . 05 0 2 H ft £ Z. t # t> frv it 

8©m?ibi:-rso 

(2WJ4-9) 

«^>#>s aiK-y^k «K3/"?;i/hSV?ie^PA* N Mn:Ni : 
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(54) Title: POSITIVE ELECTRODE ACTIVE MATERIAL AND NONAQUEOUS 
ELECTROLYTE SECONDARY CELL COMPRISING THE SAME [Seikyoku kasseibutsu 
oyobi koreo mochiita hisuiden'kaishitsu nijiden'chi] 

(57) Abstract: [English, included] A positive electrode active material for producing a 
nonaqueous electrolyte secondary cell exhibiting an excellent high-rate charging/discharging 
performance and an excellent charging/discharging cycle performance and having a high energy 
density, and a nonaqueous electrolyte secondary cell 

exhibiting an excellent high-rate charging/discharging performance and an excellent 
charging/discharging cycle performance and having a high energy density. The main component 
of the positive electrode active material is a Li-Mn-Ni composite oxide, and the positive 
electrode active material is characterized in that the specific surface of the Li-Mn-Ni composite 
oxide measured by the BET method is 0.3 m 2 /g or above and 1 .5 m 2 /g or below. The 
nonaqueous electrolyte secondary cell comprises such a positive electrode active material. 
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(57) Abstract: 

Production of a positive electrode active material capable of producing a nonaqueous 
secondary cell with high energy density exhibiting an excellent high-rate charging/discharging 
performance and a nonaqueous secondary cell with high energy density exhibiting an excellent 
high-rate charging/discharging performance and an excellent charging/discharging cycle 
performance. 

A positive electrode active material mainly comprising a Li-Mn-Ni type composite oxide, 
and the positive electrode active material is characterized by the fact that the specific surface of 
the Li-Mn-Ni composite oxide measured by the BET method is 0.3 m 2 /g or above and 1.5 m 2 /g 



or below, and nonaqueous electrolyte secondary cell comprising the same. 



[p.i] 



Specification 

Positive electrode active material and nonaqueous secondary cell comprising the same 
<Technical Field> 

The present invention pertains to a positive electrode active material and a nonaqueous 
secondary cell comprising the same. 
<Background> 
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Nonaqueous secondary cells such as lithium secondary cells exhibit high energy density 
and high voltage and are widely used as the power sources for compact portable terminals, 
mobile communication devices, etc. For the positive electrode active material of the lithium 
secondary cell, a stable crystalline structure and high electrochemical working performance are 
required despite repeated insertion and removal of lithium. For those with an operating voltage 
of around 4 V, transition metal oxides with a basic structure of a layer comprising lithium cobalt 
oxide, lithium nickel oxide, or lithium manganese oxide having spinel structure are known. 

Currently, as positive electrode active materials for nonaqueous secondary cells with an 
operating voltage of around 4 V, composite oxides of lithium and a transition metal such as 
UC0O2, LiNiCb, LiMn02 and LiMmCU are known. In particular, among positive electrode 
active materials with a-NaFeC>2 structure from which a high energy density can be expected, 
lithium cobalt composite oxide indicated by LiCo02 is widely used for consumer lithium ion 
cells, but cobalt is a rare metal and the cost is high. Furthermore, lithium nickel composite oxide 
indicated by LiNiC>2, etc. lack stability at high temperatures, thus, safety is hard to come by and 
practical application is not possible. And furthermore, lithium manganese oxide having a spinel 
structure indicated by LiMn204> etc. is an inexpensive and safe positive electrode active material, 
but the energy density per unit weight is approximately 70% that of lithium cobalt composite 
oxide, and is used in some areas, but is not widely applied. 

On the other hand, principally, high capacity can be expected from LiMnC>2, and the 
safety level is high; thus, it is widely studied. For the aforementioned LiMn02, 3-NaMn02 type 
rhombic system layer structure having a zigzag layer structure, and a-NaFeC>2 type monoclinic 
system structure having halite layer structure are known. 

[p. 2] 

A higher capacity can be expected from the aforementioned LiMnC>2 having rhombic 
system structure than that of the aforementioned LiMn 2 04, but when charge/discharge is 
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repeated, slow conversion to the spinel phase occurs; thus, stability with regard to the 
charge/discharge cycle becomes inferior. Furthermore, a poor high efficiency charge/discharge 
performance in LiMnCh having the aforementioned monoclinic system structure, and reduction 
in capacity that accompanies the charge/discharge cycle are reported in, for example, Chiang, Y- 
M; Sadoway, D.R.; Jang, Y-L; Huang, B.; Wang, H. High Capacity, Temperature-Stable 
Lithium Aluminium [sic] Manganese Oxide Cathodes for Rechargeable Batteries. Electrochem. 
Solid-State Lett. 2(3), 1999, 107-110. 

In order to eliminate the above-mentioned problems, a technology in which the Mn in 
LiMnCh is replaced with Al, Fe, Co, Ni, Mg, or Cr in an amount in the range of l-y(0.5<y<l), 
and at the same time, a voltage of 4.0 V to 4.8 V is applied between the positive electrode and 
the negative electrode at a temperature of 60 to 100°C and the change in crystalline structure is 
accelerated and improvement in high efficiency charge/discharge performance is achieved is 
disclosed in Japanese Kokai [Unexamined] Patent Application No. 2001-23617. However, high 
efficiency charge/discharge performance remains insufficient despite the above-mentioned 
technologies. 

Furthermore, the aforementioned lithium manganese oxide has many technical problems 
associated with it upon application as well. Poor cycle performance and storage performance, 
especially at high temperatures, pose problems. 

Furthermore, when LiNii- a Mna02 having the crystal structure of the space group R3/m is 
considered as a structure where a part of the Ni in LiNiCh is replaced with Mn, baking at a 
temperature of 800°C or above is required to secure the replacement of the Ni site with Mn. 
However, Ni or Mn enters the site in the crystal where Li is normally located when the above- 
mentioned high temperature is used, and the crystalline structure is disturbed, and capacity or 
cycle performance is reduced. A technology in which 0.05 to 0.30 is used for the value of the 
aforementioned a and baking is done at a temperature in the range of 600°C to 800°C is 
disclosed in Japanese Kokai [Unexamined] Patent Application No. Hei 8-171910, but the cycle 
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performance remains inadequate despite the aforementioned technology. 

As a means to eliminate the above-mentioned problems, technology concerning the 
electrochemical performance of LiMnaNi b Co c 02 where a part of Ni in LiNiCh is replaced with 
Mn and Co is known. For example, a report on Li composite oxide concerning a, b, c are such 
that 0.02<a<0.5, 0.02<b/(b+c)<0.9, b>0.34 and a+b+c=l is disclosed in Japanese Patent 
Application No. 3244314. However, according to the follow-up study by the present inventors, 
thermal stability at the time of charging remains inadequate. The reason for this is not well 
understood, but it is hypothesized that the method of manufacturing the Li composite oxide in the 
aforementioned report includes mechanical mixing of solid materials, and diffusion of the metal 
element is incomplete at the time of the baking process that follows and partial phase separation 
occurs, and as a result, thermal stability becomes inferior. Furthermore, the particles of the Li 
composite produced by excessive pulverization of the raw material become very fine, and when 
the said material is used as the positive electrode of cell, a side reaction such as oxidation 
decomposition of electrolyte occurs since the positive electrode comes in full contact with the 
electrolyte, and deterioration with time is likely to occur as well. 

Furthermore, among LiMiuNibCocCb compositions, a report concerning 
LiCoo.33Nio.33Mno.33O2 composition is Yoshinari Makimura, Naoaki Yabuuchi, Tsutomu 
Ohzuku, Yukinori Kayama, Isao Tanak, and Hirohiko Adachi, Lithium Insertion Material of 
LiCoi/3Nii/3Mm/302 

for Advanced Batteries; (II) Synthesis and Characterization as a Possible Alternative to LiCoCh, 
The 42th [sic] Battery Synposium [sic] in Japan, 2118, 21 19(2001). The above-mentioned Li 
composite oxide is produced by mixing a coprecipitate compound produced by adding an alkali 
to an aqueous solution of Mn, Ni, and Co with a Li compound and providing a heat treatment. 

However, definition of the properties on the Li composite oxide produced is not included 
in the aforementioned report. The lattice volume of the above-mentioned Li composite oxide is 
reduced by charging and increased by discharging; thus, the trapping speed of the Li in the active 
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material at the time of discharging is significantly reduced in comparison to the removal speed of 
Li at the time of charging. Therefore, when the maximum caution is taken for the factors 
responsible to have a high influence on the trapping speed of Li to the positive electrode as in the 
contact interfacial state of the active material and electrolyte, it is not possible to produce a cell 
having an adequate charge/discharge performance. Thus, it is essential to define the properties of 
the active material that determines the above-mentioned factors upon application of the cell in 
which the above-mentioned active material is used as the positive electrode. 

[P- 4] 

It should be noted that "R3/m" is used in the present specification where the horizontal 
bar is to be applied above the 3 of "R3m" to indicate space group for convenience. 

The present invention is to eliminate the above-mentioned existing problems, and the 
purpose of the present invention is to produce a positive electrode active material for producing a 
nonaqueous electrolyte secondary cell exhibiting excellent high-rate charging/discharging 
performance and an excellent charging/discharging cycle performance and having a high energy 
density, and a nonaqueous electrolyte secondary cell 

exhibiting an excellent high-rate charging/discharging performance and an excellent 
charging/discharging cycle performance and having a high energy density. 
<Disclosure of the invention> 

As a result of much research conducted by the present inventors in an effort to eliminate 
the above-mentioned existing problems, they discovered that a nonaqueous secondary cell having 
excellent cell performance could be produced when properties of a positive electrode active 
material having a specific structure were specified, and as a result, the present invention was 
accomplished. In other words, the technical structure and effect of the present invention are as 
described below provided that the assumption is included that the present invention is not limited 
to the correctness/incorrectness of the working mechanism. 

(1) A positive electrode active material mainly comprising a Li-Mn-Ni type composite 
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oxide, and the positive electrode active material is characterized by the fact that the specific 
surface of the Li-Mn-Ni composite oxide measured by the BET method is 0.3 m 2 /g or above and 
1.5 m 2 /gor below. 

(2) The positive electrode active material described in (1) above characterized by the fact 
that the aforementioned Li-Mn-Ni type composite oxide is the composite oxide indicated by 
LiMno.5Nio.5O2. 

(3) The positive electrode active material described in (1) above characterized by the fact 
that a part of Mn and Ni that comprise the composite oxide indicated by LiMno.5Nio.5O2 in the 
aforementioned Li-Mn-Ni type composite oxide is replaced with a dissimilar element and is a 
composite oxide with a composition indicated by the following general formula. 

Li 1 - 2 [Mno.5-x-yNio.5-x , -yM x +x'Liy+y02] 

(Wherein, M is the aforementioned dissimilar element; 
x=0.001 to 0.1 ; x'=0.001 to 0.1 ; 

y=0to0.1 ; y=0to0.1 ; 

x+x ? +y+y<0.4 ; 0<z<l) 

[p. 5] 

(4) The positive electrode active material described in the (1) above characterized by the 
fact that a part of Mn and Ni that comprises the composite oxide indicated by LiMno.5Nio.5O2 in 
the aforementioned Li-Mn-Ni type composite oxide is replaced with a dissimilar element and is a 
composite oxide with a composition indicated by the following general formula. 

Lil- 2 [Mno.5.x-yNio.5-x'-y'Mx+x'Liy+y'02] 

(Wherein, M is the aforementioned dissimilar element; 
x=0.01to0.1 ; x'=0.01to0.1 ; 

y=0to0.1 ; y=0to0.1 ; 

x+x'+y+ykO^ ; 0<z<l) 

(5) The positive electrode active material described in the aforementioned (3) or (4) 
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characterized by the fact that the aforementioned dissimilar element M is one or more elements 
selected from the group consisting of B, Mg, Al, Ti, V, Cr, Fe, Co, Cu, and Zn. 

(6) The positive electrode active material described in the above-mentioned (1) 
characterized by the fact that a part of Mn and Ni that comprise the composite oxide indicated by 
LiMno.5Nio.5O2 in the aforementioned Li-Mn-Ni type composite oxide is replaced with a 
dissimilar element and boron and is a composite oxide with a composition indicated by the 
following general formula. 

Li I -t[Mno.5-r-s-wNio.5-r , -s'-w'Bw+w , M , H-r , Li s +s , 02] 

(Wherein, M' is the aforementioned dissimilar element; 
r=0.001to0.1 ; r'=0.001 to 0.1 ; 

s=0to0.1 ; s'=0to0.1 ; 

r+r'+s+s'+w+wkO^ ; 
w+w'=0.0005 to 0.01 ; 0<t<l) 

(7) The positive electrode active material described in the (1) above characterized by the 
fact that a part of Mn and Ni that structures the composite oxide indicated by LiMno.5Nio.5O2 in 
the aforementioned Li-Mn-Ni type composite oxide is replaced with a dissimilar element and 
boron and is a composite oxide with the composition indicated by the following general formula. 

Lil. t [Mno.5-r-s-wNio.5-r , -s , -w , Bw+w , M , rfr , Li s +s , 02] 

[P- 6] 

(Wherein, M' is the aforementioned dissimilar element; 
r=0.01to0.1 ; r'=0.01to0.1 ; 

s=0to0.1 ; s'=0to0.1 ; 

r+r'+s+s'+w+w^OJ ; 
w+w'=0.0005 to 0.01 ; 0<t<l) 

(8) The positive electrode active material described in the above-mentioned (6) or (7) 
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characterized by the fact that the aforementioned dissimilar element M' is one or more elements 
selected from the group consisting of B, Mg, Al, Ti, V, Cr, Fe, Co, Cu, and Zn. 

(9) The positive electrode active material described in the (1) above characterized by the 
fact that the aforementioned Li-Mn-Ni type composite oxide is a composite oxide indicated by 
Li[MncNidCo e Li a M"b]02 (Wherein, M" is an element other than Mn, Ni, Co or Li, d<c+e+a+b, 
c+d+e+a+b=l, 0<a<0.05, 0<b<0.05, 0.2<c<0.05, 0.02<e<0.4). 

(10) The positive electrode active material described in the above-mentioned (9) 
characterized by the fact that the aforementioned M" is one or more elements selected among the 
group consisting of B, Mg, Al, Ti, V, Cr, Fe, Co, Cu, and Zn. 

(1 1) The positive electrode active material described in one of (1) to (10) above 
characterized by the fact that the aforementioned Li-Mn-Ni type composite oxide has a layer 
crystalline structure having peaks at 28 = 18.61±1°, 36.6±1°, 37.8±1°, 38.2±1°, 44.3±1°, 
48.4±1°, 58.4±1°, 64.2±1°, 64.8±1°, 68.8±1° on the X-ray diffraction chart that utilizes CuKa 
ray. 

(12) The positive electrode active material described in one of (1) to (1 1) above 
characterized by the fact that the aforementioned Li-Mn-Ni type composite oxide has a relative 
intensity ratio of the diffraction peak of 28=44. 1±1° for the diffraction peak of 28=18.6±° on the 
powder X-ray diffraction chart that utilizes CuKa rays. 

(13) The positive electrode active material described in one of (1) to (12) above 
characterized by the fact that the aforementioned Li-Mn-Ni type composite oxide has the half- 
bandwidth of the diffraction peak at 28=18.6±1° in the range of 0.13° to 0.20° and the half band 
width of the diffraction peak at 28=44.1±1° in the range of 0.10° to 0.17° on the powder X-ray 
diffraction chart that utilizes CuKa rays. 

[p- 7] 

(14) The positive electrode active material described in one of (1) to (13) above 
characterized by the fact that the particle diameter of the aforementioned Li-Mn-Ni type 
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composite oxide is in the range of 3 um to 20 um. 

(15) The nonaqueous secondary cell that utilizes the positive electrode active material 
described in one of (1) to (14) above. 

The present inventors placed their focus on the LiMnCh from which high capacity can be 
expected, and as an element used to substitute Mn, Ni having good solubility with Mn and 
operating potential of around 4 V was selected. As a result, it was confirmed that the operating 
potential was 4.3 V to 3.0 V and good compatibility with conventional lithium ion cells was 
achieved in LiMno.5Nio.5O2 where the ratio of the substitution was 50% and a high-rate discharge 
capacity of 140 mAh/g could be achieved. However, charge/discharge cycle performance was 
inadequate. It was hypothesized that elution of Mn occurred from the positive electrode active 
material as a result of repeated charge/discharge and that an increase in electrode interfacial 
resistance was initiated. 

Based on the above background, and as a result of much research done by the present 
inventors, in an effort to eliminate the above-mentioned existing problems, on the relationship 
between LiMno.5Nio.5O2 having different properties and compositions where a part of Ni and Mn 
elements that comprise LiMno.5Nio.5O2 replaced with other elements (hereinafter referred to as 
Li-Mn-Ni type composite oxide, at times) and the charge/discharge cycle performance, and to 
their surprise, they discovered that a very stable charge/discharge cycle performance could be 
achieved when the value of the specific surface area was specified. In other words, excellent 
charge/discharge cycle performance can be achieved when the value of the aforementioned 
specific surface area is specified at 1.5 m 2 /g or below. 

The above-mentioned effect achieved cannot be fully explained, but it is hypothesized 
that the area of the positive electrode active material Li-Mn-Ni type composite oxide that comes 
in contact with the electrolyte is reduced as a result of reduction in the specific surface area, and 
oxidation decomposition of the electrolyte is controlled, and furthermore, the moisture slightly 
adsorbed to the surface of the grain of the aforementioned positive electrode active material is 
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reduced with a reduction in the specific surface area; thus, formation ratio of the hydrofluoric 
acid (HF) in the cell due to moisture is reduced, and decomposition reaction of Mn due to the 
above-mentioned acid is less likely to occur. 

[p. 8] 

It was further recognized that high discharge capacity could be retained even when high- 
rate discharge of 2 It (0.5 hr) was carried out when the value of the aforementioned specific 
surface area was defined at 0.3 m 2 /g or above. 

Furthermore, when further research was conducted by the present inventors on the 
composition where a part of Ni and Mn among elements that comprise the LiMno.5Nio.5O2 among 
Li-Mn-Ni type composite oxide was replaced with other dissimilar elements, to their surprise, a 
further improvement in the high-rate discharge performance was possible when the type of the 
aforementioned dissimilar elements was specified. 

The above-mentioned effect cannot be fully explained, but the atomic radius, that is, the 
size of the aforementioned dissimilar element is different from the atomic radius of Mn or Ni; 
thus, it has an effect on the layer structure of the positive electrode active material, the mobility 
path of the Li ion is affected, and ion conduction is improved. Furthermore, the atomic radius, 
that is, the size of the aforementioned dissimilar elements other than Mn and Ni vary; thus, it 
seems that distortion based on expansion or contraction of the active crystal that accompanies the 
charge/discharge process is modified as a result of the inclusion of elements with different size. 

It is further hypothesized that the close relationship of surface composition is based on 
the fact that the exchange of the Li ion is achieved at the boundary between the positive electrode 
active material particle and the electrolyte. 

Furthermore, when a further study of the baking conditions, type, and composition of 
dissimilar metal elements other than Li, Mn, and Ni added at the time of synthesis of 
LiMno.5Nio.5O2 was carried out, it was discovered that the structure of the crystal produced varied 
widely and a further increase in the charge/discharge cycle performance was made possible 
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depending on the type of crystal. In specific terms, it was confirmed that an excellent cycle 
performance could be achieved when the Li-Mn-Ni type composite oxide has a layer crystal 
structure having peaks at 29 = 18.6±1° 5 36.6±1°, 37.8±1°, 38.2±1°, 44.3±1°, 48.4±1°, 58.4±1°, 
64.2±1°, 64.8±1°, 68.8±1° on the powder X-ray diffraction chart that utilizes CuKa ray. 

[p. 9] 

The above-mentioned effect achieved cannot be fully explained, but it seems that 
distortion is insignificant and the crystal structure itself is stable in crystals having the 
aforementioned powder X-ray diffraction pattern. Furthermore, it seems that the structure can be 
further stabilized, and extraction of lithium from the aforementioned crystalline structure can be 
promoted at a lower potential and as a result, an increase in the charge/discharge capacity is 
achieved when Co is added. 

Furthermore, the crystalline structure varies widely even when the same component is 
used when the baking temperature is from 850°C to 1000°C, and the shape of the change in 
potential at the time of charge/discharge varies widely as well. In particular, the high-rate 
discharge performance is influenced by a slight change in the temperature and baking time at the 
time of the aforementioned baking. 

Based on the above-mentioned background, the present inventors believe that the 
crystalline structure is influenced by the baking conditions, and placed their focus on the relative 
intensity ratio of the diffraction peak of 29=44. 1 ± 1 ° for the diffraction peak of 29= 1 8 .6± 1 0 on the 
powder X-ray diffraction chart that utilizes CuKa rays for the powder produced after baking, and 
to their surprise, they discovered that an obvious increase in the high-rate discharge performance 
was observed when a lithium- manganese-nickel composite oxide having the aforementioned 
relative intensity of 1 . 1 or below was used. 

The above-mentioned effect cannot be fully explained, but it seems that shifting of the 
lithium ion inside the solid material is facilitated when the aforementioned relative intensity is 
1.1 or below. 
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However, when the aforementioned relative intensity is 0.6 or below, shifting of the 
lithium ion inside the solid material is inhibited due to slow crystal growth and charge/discharge 
cycle performance is reduced. Therefore, when a positive electrode active material having the 
aforementioned relative intensity in the range of 0.6 to 1 .1 is used, production of a nonaqueous 
secondary cell having excellent high-rate discharge performance and excellent charge/discharge 
cycle performance is made possible. 

Furthermore, it seems that the half bandwidth at 20=18.6±1° and 20=44.1±1° reflects the 
growth and crystal diameter of the positive electrode active material used for the cell of the 
present invention, and that the higher the half bandwidth, the lower the crystal diameter; but, to 
their surprise, it was confirmed that exceptionally good high-rate discharge performance and 
charge/discharge cycle performance was achieved when the half bandwidth of the diffraction 
peak at 20=18.6±1° is in the range of 0.13° to 0.20° and the half bandwidth of the diffraction 
peak at 29=44. 1±1° is in a 0.10° to 0.17°. 

[p. 10] 

The above-mentioned effect cannot be fully explained, but it seems that shifting of the Li 
ion inside the solid material is facilitated when the half bandwidth of the diffraction peak at 
28=18.6±1° is 0.20° or below and at the same time, the half band width of the diffraction peak at 
20=44. 1±1° is 0.17° or below, and improvement in high-rate discharge performance is made 
possible, but charge/discharge cycle performance is reduced due to the reduced stability of the 
crystal. Thus, an appropriate shifting of Li ion in the crystal and an adequate crystal stability can 
be achieved and excellent high-rate discharge performance and charge/discharge cycle 
performance can be achieved when the half bandwidth of the diffraction peak at 20=18.6±1° is 
0.13° or above and at the same time, the half band width of the diffraction peak at 20=44.1±1° is 
0.10° or above. 
<Brief description of figures> 

Fig. 1 shows the analysis results for the positive electrode active material used in the 
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present invention based on the X-ray photoelectric spectral (XPS). Fig. 2 is a partial cross- 
section view of the cells of the working examples and comparative examples. Fig. 3 is an X-ray 
analysis chart of the positive electrode active material of Working Example 1-1. Fig. 4 is the X- 
ray analysis chart of the positive electrode active material of Working Example 1-10. Fig. 5 is 
the X-ray analysis chart of the positive electrode active material of Working Example 4-1. Fig. 6 
is the discharge performance of the cell of Working Example 1-10. And Fig. 8 is the discharge 
performance of the cell of Working Example 4-1. 

In the figures, 1 is a safety valve, 2 is the lid, 3 is the laser weld zone, 4 is the negative 
electrode terminal, 5 is the positive electrode terminal, 6 is a gasket, 7 is the positive electrode 
plate, 8 is the separator, 9 is the negative electrode plate, and 10 is the cell jar. 
<Desirable embodiment of the invention> 

Embodiments of the present invention are shown below, but the present invention is not 
limited to these embodiments. 

The positive electrode active material of concern in the present invention is a positive 
electrode active material mainly comprising an Li-Mn-Ni type composite oxide and is 
characterized by the fact that the specific surface of the aforementioned Li-Mn-Ni composite 
oxide measured by the BET method (hereinafter referred to as specific surface area, at times) is 
0.3 m /g or above and 1 .5 m /g or below. As described above, when the specific surface area is 
1.5 m /g or below, a nonaqueous secondary cell (hereinafter referred to as cell, at times) having 
an excellent charge/discharge cycle performance can be produced, and when the specific surface 
area is 0.3 m /g or above, a cell having an excellent high-rate charge/discharge performance can 
be produced. 

[p. 11] 

A desirable embodiment of the Li-Mn-Ni type composite oxide of the present invention is 
explained below. However, the Li-Mn-Ni type composite oxide is not limited to the embodiment 
shown below. 
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The first form of the first embodiment of the Li-Mn-Ni type composite oxide is a 
composite oxide indicated by LiMno.5Nio.5O2. 

The second form of the first embodiment of Li-Mn-Ni type composite oxide is a 
composite oxide having a composition in which a part of Mn and Ni that comprise the composite 
oxide indicated by LiMno.5Nio.5O2 is substituted with a dissimilar element and is indicated by the 
following general formula: 

Li l -z[Mno.5-x-yNio.5-x , -y , Mx+x , Liy+ y 02] 

(Wherein, M is the aforementioned dissimilar element, 

x = 0.001 to 0.1 ; x' = 0.001 to 0.1 ; 

y = 0to0.1 ; y' = 0to0.1 ; 

x + x' + y + y'<0.4 ; 0<z<l 

When x+x'+y+y f <0.4, the crystal structure of the composite oxide remains stable despite 
repeated charge/discharge and excellent charge/discharge cycle performance can be achieved. 

The second embodiment of Li-Mn-Ni type composite oxide is a composite oxide having a 
composition in which a part of Mn and Ni that comprises the composite oxide indicated by 
LiMno.5Nio.5O2 is replaced with a dissimilar element and is indicated by the following general 
formula: 

[p. 12] 

Lil-z[Mno.5-x-yNio.5-x , -y'Mx+x'Liyfy02] 

(Wherein, M is the aforementioned dissimilar element, 

x = 0.01 to 0.1 ; x' = 0.01 to 0.1 ; 

y = 0to0.1 ; y = 0to0.1 ; 

x + x' + y + y' < 0.2 ; 0 < z < 1 

When x+x'+y+y*<0.2, the crystal structure of the composite oxide remains stable despite 
repeated charge/discharge and excellent charge/discharge cycle performance can be achieved. 
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It is desirable when the above-mentioned dissimilar element M is an element other than 
Mn, Ni or Li and can be substituted with Mn. For example, B, Be, V, C, Si, P, Sc, Cu, Zn, Ga, 
Ge, As, Se, Sr, Mo, Pd, Ag, Cd, In, Sn, Sb, Te, Ba, Ta, W, Pb, Bi, Co, Fe, Cr, Ni, Ti, Zr, Nb, Y, 
Al, Na, K, Mg, Ca, Cs, La, Ce, Nd, Sm, Eu, Tb, etc. can be mentioned. 

It is further desirable when one of B, Mg, Al, Ti, V, Cr, Fe, Co, Cu, or Zn is used for an 
obvious high-rate discharge performance. 

In this case, the x and y that show the substitution ratio of Mn are such that 0<x+y<0.2, 
and x f and y* that show the substitution ratio of Ni are such that 0<x'+y<0.2. The reason is that 
the amount of effective lithium decreases when the substitution amount of Mn, x+y, and the 
substitution amount of Ni, x'+y 1 , are increased. 

z represents the amount of lithium used, and the greater the amount of dissimilar element 
for Mn and Ni, the smaller the ratio. 

In this case, the lithium portion indicated by Liy+y shows the composition ratio in the 
aforementioned formula, and does not show the arrangement state of the lithium element in the 
basic skeleton of LiMno.5Nio.5O2, or does not show whether it is substituted with a part of the 
element that comprises the aforementioned basic skeleton. 

[p. 13] 

The higher the amount of the dissimilar element for Mn and Ni, the higher the high-rate 
discharge performance at 0<x f +y f <0.2 and 0<x+y<0.2, and it is desirable when x and x' are at 
least 0.001 and at least 0.01, respectively. 

The first form of the third embodiment of the Li-Mn-Ni type composite oxide is a 
composite oxide having a composition in which a part of Mn and Ni that comprise the composite 
oxide indicated by LiMno.5Nio.5O2 is substituted with a dissimilar element and boron and is 
indicated by the following general formula: 

Li 1 -t[Mno.5-r-s-wNio.5-r'.s , .w'B w +w'MW , Lis+s02] 
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(Wherein, M' is the aforementioned dissimilar element; 



r=0.001 to 0.1 
s=0to0.1 

r+r'+s+s'+w+w'<0.4 
w+w'=0.0005 to 0.01 



r'=0.001 to 0.1 ; 
s'=0to0.1 

; 0<t<l) 



When r+r'+s+s'+w+w'<0.4, the crystal structure of the composite oxide remains stable 
despite repeated charge/discharge, and excellent charge/discharge cycle performance can be 
achieved. 

The second form of the third embodiment of the Li-Mn-Ni type composite oxide is a 
composite oxide having a composition in which a part of Mn and Ni that comprise the composite 
oxide indicated by LiMno.5Nio.5O2 is replaced with a dissimilar element and boron and is 
indicated by the following general formula: 

Lil-t[Mno.5-r-s-wNio.5-r'-s , -w , Bw+w , M , r+r'Lis+s , 02] 



(Wherein, M' is the aforementioned dissimilar element; 



r=0.01 to 0.1 
s=0to0.1 

r+r'+s+s'+w+w'<0.2 
w+w'=0.0005 to 0.01 



r*=0.01 to 0.1 
s'=0to0.1 

; 0<t<l) 



[p. 14] 

When r+r'+s+s'+w+w'<0.2, and the crystal structure of the composite oxide remains 
stable despite repeated charge/discharge, and excellent charge/discharge cycle performance can 
be achieved. 
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Furthermore, in the present specification, the composition of the positive electrode active 
material containing boron is shown as a dissimilar element where boron is substituted as in the 
case of 

Li i -t[Mno.5-r-s-wNio.s -wBwf w-MWLis+s'Ch] 
but it is known that the aforementioned boron undergoes dissolving by charge/discharge of the 
cell and is deposited onto the negative electrode. It seems that an active surface is formed on the 
surface of the crystal particle used as the above-mentioned positive electrode active material 
when elution of the boron occurs inside the cell where the positive electrode active material itself 
that utilizes boron as a dissimilar element is used, and as a result, the high-rate discharge 
performance is improved. 

As a means to determine the elemental structure of the particle surface, a method in 
which measurement were made by X-ray photoelectric spectral analysis (XPS) as etching of the 
particle is being done can be mentioned. As an example, the change in the concentration of B 
when etching of the surface of the particle is carried out at a rate of 0.07 nm per second is shown 
(see Fig. 1 for reference). As shown, in the case of the particle of the sample shown by the black 
squares, the majority of B is collected at 400 seconds from the surface, that is, approximately 28 
jim. 

It is desirable for the dissimilar element M f to be an element other than Mn, Ni, or Li and 
can be substituted for Mn. For example, Be, V, C, Si, P, Sc, Cu, Zn, Ga, Ge, As, Se, Sr, Mo, Pd, 
Ag, Cd, In, Sn, Sb, Te, Ba, Ta, W, Pb, Bi, Co, Fe, Cr, Ni, Ti, Zr, Nb, Y, Al, Na, K, Mg, Ca, Cs, 
La, Ce, Nd, Sm, Eu, Tb, etc. can be mentioned. 

It is further desirable when one of Mg, Al, Ti, V, Cr, Fe, Co, Cu, or Zn is used for an 
obvious high-rate discharge performance. 

In this case, r, s and w that indicate the degree of substitution of Mn are such that 
0<r+s+w<0.2, and r\ s' and w 1 that indicate the degree of substitution of Ni are such that 
0<r ? +sM-w'<0.2. 
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The reason is that when the degree of substitution of Mn 0<rfs+w and the degree of substitution 
of Ni (Kr'+sN-w 1 are increased, the available amount of lithium is reduced. 

Furthermore, t represents the amount of lithium available, and the higher the amount of 
the dissimilar elements for Mn and Ni, the lower the above-mentioned amount. 

The greater the amount of the dissimilar elements for Mn and Ni, the higher the degree of 
increase in high-rate discharge performance when (Kr'+s'+wkO^ and 0<r+s+w<0.2, and it is 
desirable when r and r' are at least 0.001, and at least 0.01 is further desirable. 

Furthermore, for the method used to replace a part of the aforementioned Mn and Ni with 
lithium or a dissimilar element in the second embodiment and the third embodiment of the Li- 
Mn-Ni type composite oxide, a method in which the substituted element is added to the baking 
raw material of the active material or a method in which baking is performed for LiMno.5Nio.5O2, 
then substitution is performed with the dissimilar element using a method such as an ion- 
exchange method, etc. can be mentioned, but it is not limited to the above-mentioned methods. 

The fourth embodiment of the Li-Mn-Ni type composite oxide is a composite oxide 
indicated by Li[MncNidCo e LizM ,f b]02 (Wherein, M" is an element other than Mn, Ni, Co and Li, 
d<c+e+a+b, c+d+e+a+b=l, 0<a<0.05, 0<b<0.05, 0.2<c<0.5, 0.02<e<0.4). When c is 0.2 or 
below, the cycle performance is likely to be inadequate; on the other hand, when c exceeds 0.5, 
not only is the cycle performance likely to be inadequate, but also impurities such as Li2Mn03 
are likely to form stably inside the raw material during the course of baking, starting from a 
relatively low temperature, and is not desirable. When e exceeds 0.4, thermal stability at the time 
of charging is likely to be poor. When a exceeds 0.05, discharge capacity is likely to be reduced. 

Furthermore, when a study was conducted as the composition ratio of the structural 
elements was intentionally changed for an improvement in the high-rate charge/discharge 
performance, to their surprise, a further improvement in the high-rate discharge performance was 
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possible when a specific dissimilar element was added. 

[p. 16] 

It is desirable for the dissimilar element M" to be an element other than Mn, Ni, or Li and 
can be substituted with Mn. For example, B, Be, V, C, Si, P, Sc, Cu, Zn, Ga, Ge, As, Se, Sr, Mo, 
Pd, Ag, Cd, In, Sn, Sb, Te, Ba, Ta, W, Pb, Bi, Fe, Cr, Ni, Ti, Zr, Nb, Y, Al, Na, K, Mg, Ca, Cs, 
La, Ce, Nd, Sm, Eu, Tb, etc. can be mentioned. 

It is further desirable when one of B, Mg, Al, Ti, V, Cr, Fe, Co, Cu, or Zn is used for 
obvious high-rate discharge performance. 

The above-mentioned effect achieved cannot be fully explained, but the size of the 
aforementioned dissimilar element is different from the size of the aforementioned Mn element 
orNi element, dissimilar element, is different from the atomic radius of Mn; thus, an influence is 
placed upon the layer structure of the positive electrode active material, the traveling path of Li 
ion is influenced, and ion conduction is improved. 

Furthermore, the atomic radius, namely, the size, of the aforementioned dissimilar 
elements other than Mn and Ni vary; thus, it seems that distortion based on expansion and 
contraction of the active crystal that accompanies charge/discharge is modified as a result of 
elements with different sizes included. 

Furthermore, as a means to include the aforementioned dissimilar elements in the 
aforementioned composite oxide in the fourth embodiment of the Li-Mn-Ni type composite 
oxide, a method in which the substituted element is added to the baking raw material ahead of 
time or a method in which baking is performed; then, substitution with the dissimilar element is 
achieved using a method such as an ion-exchange method, etc. can be mentioned, but it is not 
limited to the above-mentioned methods. 

Each embodiment of the Li-Mn-Ni type composite oxide is shown absorbed, and the Li- 
Mn-Ni type composite oxide has peaks at 29=18.6±1°, 36.6±1°, 37.8±1°, 38.2±1°, 44.3±1° 5 
48.4±1°, 58.4±1°, 64.2±1°, 64.8±1°, 68.8±1° on the powder X-ray diffraction chart that utilizes 
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CuKa ray, and good cycle performance can be achieved. 

[p. 17] 

Furthermore, as described above, it is desirable for the Li-Mn-Ni type composite oxide to 
have diffraction peaks at 29=18.6±1° and at 26=44. 1±1°, to have the relative intensity ratio of the 
diffraction peak of 29=44.1±1° for the diffraction peak of 20=18.6±1° in the range of 0.6 to 1.1, 
and the half bandwidth of the diffraction peak at 29=18.6±1° is in the range of 0.13° to 0.20°, and 
the half bandwidth of the diffraction peak at 29=44.1±1° is in the range of 0.10° to 0.17°. 

Furthermore, the lower the particle diameter of the Li-Mn-Ni type composite oxide, the 
higher the specific surface area and better the output characteristics, but in order to prevent 
reduction in other properties, especially, storage stability, or taking coatability at the time of 
production of the electrode into account, it is desirable when the mean particle diameter (D50) is 
in the range of 3 \im to 30 |jm, especially, in the range of 5 \xm to 20 |^m. When the above- 
mentioned range is used, the effect on the storage stability and charge/discharge cycle 
performance of the cell is insignificant, and it is not especially limited. It should be noted that 
the aforementioned particle diameter is not the particle diameter of the primary particle but the 
particle diameter of the secondary particle. Furthermore, the mean particle diameter of the 
positive electrode active material used in working examples shown below is in the range of 9 to 
20 |im in all cases. 

A suitable method of manufacturing the Li-Mn-Ni type composite oxide is shown below. 

It is desirable for the Li-Mn-Ni type composite oxide to have a heat history where baking 
is done at a temperature of 900°C or above. In specific terms, it is desirable when baking is done 
"for a Li-Mn-Ni type composite oxide precursor containing at least an Li component, Mn 
component, and Ni component" at a temperature of 900°C or above to produce a Li-Mn-Ni type 
composite oxide. In this case, baking temperature in the range of 900°C to 1 100°C is desirable, 
and in the range of 950°C to 1025°C is further desirable. 
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When the baking temperature is 900°C or below, it is difficult to form the specific surface 
area of the Li-Mn-Ni type composite oxide at 1 .5 m /g or below, and a cell with an poor cycle 
performance is likely to be produced. 

On the other hand, when the baking temperature used exceeds 1 100°C, the composite 
oxide with the target composition is less likely to be produced as a result of evaporation of Li, or 
cell performance is likely to become inferior due to increased density of the particle. When the 
above-mentioned temperature exceeds 1 100°C, an increase in the primary particle growth rate 
occurs, and the size of the crystal particles of the composite oxide are likely to be increased, and 
furthermore, localized absence of Li increases and structural instability results. 

[p. 18] 

It is desirable when the baking time used is in the range of 3 hours to 50 hours. When the 
baking time exceeds 50 hours, the specific surface area of the Li-Mn-Ni type composite oxide is 
less likely to become 0.3 m 2 /g or greater, and a cell with an inadequate high-rate 
charge/discharge performance is likely to be produced. On the other hand, when the baking time 
is 3 hours or less, the specific surface area of the Li-Mn-Ni type composite oxide is less likely to 
become 1.5 m /g or less, and a cell with a poor cycle performance is likely to be produced. 

A suitable baking temperature range and suitable baking time are described above, and 
the conditions are appropriately selected so that the specific surface area of the composite oxide 
specified in the present invention can be achieved. 

Production of Li-Mn-Ni type composite oxide precursor is done via "a method in which 
an alkali compound is added to an aqueous solution produced by dissolving a manganese (Mn) 
compound and a nickel (Ni) compound in water, or an aqueous solution produced by dissolving 
an Mn compound, a Ni compound and a compound containing a dissimilar element (a compound 
containing the aforementioned dissimilar elements M, M' or M" and is hereinafter referred to as 
[M] compound at times) in water, and deposition of Mn-Ni composite coprecipitate or Mn-Ni- 
[M] composite coprecipitate is achieved". 
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In this case, for the Ni compound, nickel hydroxide, nickel carbonate, nickel sulfate, 
nickel nitrate, etc., and for Mn compound, manganese oxide, manganese carbonate, manganese 
sulfate, manganese nitrate, etc. can be mentioned. 

For the [M] compound, boric acid, etc. can be used when the dissimilar element is B; 
vanadium oxide, etc. can be used when the dissimilar element is V; aluminum nitrate, etc. can be 
used when the dissimilar element is Al; magnesium nitrate, etc. can be used when the dissimilar 
element is Mg; cobalt hydroxide, cobalt carbonate, cobalt oxide, cobalt sulfate, cobalt nitrate, etc. 
can be used when the dissimilar element is Co; chromium nitrate, etc. can be used when the 
dissimilar element is Cr; titanium oxide, etc. can be used when the dissimilar element is Ti; iron 
sulfate, iron nitrate, etc. can be used when the dissimilar element is Fe; copper sulfate and copper 
nitrate can be used when the dissimilar element is Cu; and zinc sulfate and zinc nitrate, etc. can 
be used when the dissimilar element is Zn. 

For the alkali compound, ammonium hydroxide, sodium hydroxide, etc. can be 
mentioned. Furthermore, it is desirable when the alkali compound is used in the form of an 
aqueous solution. 

[p. 19] 

When baking is done for a mixture of the Mn-Ni composite coprecipitate or Mn-Ni-[M] 
composite coprecipitate (hereinafter referred to as "composite coprecipitate" at times) produced 
as described above and a lithium compound and used as an Li-Mn-Ni type composite oxide 
precursor according to the above-mentioned baking conditions, production of Li-Mn-Ni type 
composite oxide can be efficiently achieved. 

In this case, for the Li-Mn-Ni type composite oxide precursor, a mixture produced by 
evaporating water from the aqueous solution of the composite coprecipitate and lithium 
compound and drying can be used effectively. 

For the Li compound, lithium hydroxide, lithium carbonate, etc. can be mentioned. 

In addition to the aforementioned main ingredients of the Li-Mn-Ni type composite 
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oxide, other compounds may be mixed and used in the positive electrode active material of the 
present invention, and, for example, high cycle performance can be achieved when one or more 
of the other transition metal oxides containing lithium, etc. is used. 

For examples of other transition metal oxide containing lithium, compound indicated by 
general formula Li x MX2, Li x MN y X2 (wherein, M and N are metals of groups I to m, X is oxygen 
or a calcogen compound such as sulfur), and for example, Li y Coi- x M x 02, Li y Mn2- x M x 04 (M is a 
metal of groups I to HI, for example, one or more elements selected from the group consisting of 
Li, Ca, Cr, Ni, Fe and Co), etc. can be mentioned. As for the value of x that indicates the degree 
of substitution of the dissimilar element in the aforementioned transition metal oxide containing 
lithium, the maximum substitution ratio may be used, but from the standpoint of discharge 
capacity, 0<x<l is suitable. Furthermore, the maximum ratio can be used for the value of y that 
indicates amount of lithium, but from the standpoint of discharge capacity, 0<y<l is suitable, but 
it is not especially limited. 

Furthermore, for other compounds, metal compounds such as lithium-cobalt composite 
oxide and lithium-manganese composite oxide represented by metal compound of group I such 
as CuO, CU2O, Ag20, CuS, and CuSCU, metal compound of group IV such as TiS2, Si02, and 
SnO, metal compound of group V such as V2O5, V6O12, VO x , Nb20s 5 Bi203, and Sb2C>3, metal 
compound of group VI such as Cr03, CnCh, M0O3, M0S2, WO3 and Se02, metal compound of 
group VII such as MnCh, and MmCh, and metal compound of group VIE such as Fe203, FeO, 
Fe304, Ni203, NiO, C0O3, CoO, and furthermore, electrically conductive polymer compounds 
such as disulfide, polypyrrole, polyaniline, polyparaphenylene, and polyacetylene, carboneous 
material having pseudo-graphite structure, etc. can be mentioned, but it is not limited to the 
above-mentioned examples. 

[p. 20] 

When the aforementioned other compounds are used in combination with the above- 
mentioned Li-Mn-Ni type composite oxide as a positive electrode active material, the amount of 
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the other compounds is not especially limited as long as the effect of the present invention is not 
inhibited, and in general, the amount of the other components is in the range of 1 wt% to 50 wt%, 
preferably, 5 wt% to 30 wt%, for the total amount of the positive electrode active material. 

The nonaqueous secondary cell of the present invention is explained in detail below. The 
nonaqueous secondary cell (hereinafter referred to as cell, as well) of the present invention is a 
cell that utilizes the positive electrode active material of the present invention, and in general, 
comprises the positive electrode mainly consisting of the positive electrode active material of the 
present invention, negative electrode mainly consisting of the negative material, and a 
nonaqueous electrolyte in which an electrolytic salt is included in a nonaqueous solvent, and in 
general, a separator is provided between the positive electrode and negative electrode. 

In this case, nonaqueous electrolytes commonly used for lithium cells, etc. may be used. 
For the nonaqueous solvent, cyclic carbonates such as propylene carbonate, ethylene carbonate, 
butylene carbonate, chloroethylene carbonate, and vinylene carbonate; cyclic esters such as y- 
butylolactone, and y-valerolactone, chain carbonates such as dimethyl carbonate, diethyl 
carbonate and ethyl methyl carbonate; chain esters such as methyl formate, methyl acetate, and 
methyl butyrate, ethers such as 1,3-dioxane, 1,4-dioxane, 1,2-dimethoxy ethane, 1 ,4-dibuthoxy 
ethane, and methyl digrime; nitriles such as acetonitrile and benzonitrile; dioxolane and 
derivatives of the same; ethylene sulfide, sulforane, sultone and derivatives of the same, and 
mixtures of the same, etc. can be mentioned, but it is not especially limited. 

[p. 21] 

For electrolytic salts, inorganic ionic salts containing one of lithium (Li), sodium (Na) or 
potassium (K) such as LiC104, LiBF 4 , LiAsF 6 , LiPF 6 , LiSCN, LiBr, Lil, Li 2 S0 4 , Li 2 Bi 0 Clio, 
NaC10 4 , Nal, NaSCN, NaBr, KC10 4 , KSCN, organic ionic salts such as LiCF 3 S0 3 , 
LiN(CF 3 S0 2 )2, LiN(C 2 F 5 S02)2, LiN(CF 3 S0 2 )(C 4 F 9 S0 2 ), LiC(CF 3 S0 2 ) 3 , LiC(C 2 F 5 S0 2 ) 3 , 
(CH 3 ) 4 NBF 4 , (CH 3 ) 4 NBr, (C 2 H 5 ) 4 NC10 4 , (C 2 H 5 ) 4 NI, (C 3 H 7 ) 4 NBr, (n-C 4 H 9 NC10 4 , (n-C 4 H 9 ) 4 NI, 
(C 2 H 5 ) 4 N-maleate, (C 2 H 5 ) 4 N-benzoate, (C 2 H 5 ) 4 N-phtalate [sic], lithium stearyl sulfonate, lithium 
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octyl sulfonate, and lithium dodecyl benzene sulfonate, etc. can be mentioned, and furthermore, 
one type or two or more different types of the above-mentioned ionic compounds may be mixed 
and used in combination in this case as well. 

Furthermore, the viscosity of the nonaqueous electrolyte can be further reduced when a 
lithium salt containing perfluoroalkyl group such as UBF4 and LiN(C2FsS02)2 is used in 
combination; thus, low temperature characteristics can be further enhanced. 

The concentration of the electrolytic salt in the nonaqueous electrolyte is preferably in the 
range of 0.1 mol/1 to 5 mol/1 for production of a cell having high cell performance, and in the 
range of 1 mol/1 to 2.5 mol/1 is further desirable. 

The electrode structured of the Li-Mn-Ni type composite oxide of the present invention is 
used as the positive electrode and an electrode structured consisting of graphite is used as the 
negative electrode in the cell of the present invention. 

Production of the positive electrode is achieved as mixing is performed for the composite 
oxide of the present invention with an electrically conductive material, a binder, and optional 
filler to form a positive electrode agent, and coating or depositing the positive electrode agent 
produced onto a foil or lath board used as a collector and heating at a temperature of 
approximately 50°C to 250°C for 2 hours. 

For the negative electrode material, in addition to lithium metal and lithium alloys (alloys 
containing lithium metals such as lithium-aluminum, lithium-lead, lithium-tin, lithium 
aluminum-tin, lithium-gallium and wood alloy), alloys capable of occlusion and releasing 
lithium, carbon materials (for example, graphite, hard carbon, low temperature baked carbon, 
amorphous carbonate, etc.), etc. can be mentioned. Among those listed above, graphite has an 
operating potential very close to that of metal lithium; thus, autodischarge can be reduced when a 
lithium salt is used as an electrolytic salt, and reduction in irreversible capacity at the time of 
charge/discharge is made possible; thus, it is desirable when used as a negative electrode 
material. 
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For example, synthetic graphites and natural graphites can be used effectively. Furthermore, a 
graphite of which the surface of the negative electrode active material particle is modified with 
an amorphous carbon is desirable since gas formation at the time of charge/discharge is 
insignificant. 

Analysis result based on Ex-ray analysis, etc. of graphite that can be used effectively in 
the present invention is shown below. 

Lattice spacing (d002): 0.333 to 0.350 nm 
Crystal size in a-axis direction La: 20 nm or greater 
Crystal size in c-axis direction Lc: 20 nm or greater 
True density: 2.00 to 2.25 g/cm 3 

Furthermore, metal oxides such as tin oxide and silicon oxide, phosphorus, boron, 
amorphous carbon, etc. may be added to graphite and modifications can be done as well. When a 
modification is carried out for the surface of the graphite, decomposition of electrolyte is 
controlled and cell performance is increased. Furthermore, lithium metals and alloys containing 
lithium metals such as lithium-aluminum, lithium-lead, lithium-tin, lithium aluminum-tin, 
lithium-gallium and wood-alloy may be used in combination with graphite, or an electro- 
chemical reduction may be performed ahead of time so as to include lithium in the graphite, etc. 
maybe used as the negative electrode material as well. 

It is desirable for the positive electrode active material fine particle and negative electrode 
material fine particle to have a mean particle size of 100 \im or below. It is further desirable 
when the size of the positive electrode active material fine particle is 10 pm or below from the 
standpoint of increase in the high output performance of the nonaqueous secondary cell. In order 
to produce fine particles with a specific shape, pulverizers and classifiers are used. For example, 
mortars, ball mills, sand mills, vibrating ball mills, planetary ball mills, jet mills, counter jet 
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mills, swivel current jet mills, sieves, etc. are used. In this case, the wet pulverization method, 
where water or an organic solvent such as hexane is used, may be used. Furthermore, the 
classification method is not especially limited, and sieves and pneumatic classifiers may be used 
for wet method or dry method, as needed. 

[p. 23] 

The positive electrode active material and negative electrode materials used as the 
primary structural components of positive electrode and negative electrode are explained in detail 
above, and in addition to the aforementioned primary structural components, electrically 
conductive materials, binders, thickeners, fillers, etc. may be further included in the 
aforementioned positive electrode and negative electrode. 

The electrically conductive materials used in this case is not especially limited as long as 
the cell performance is not adversely influenced, and in general, electrically conductive materials 
such as natural graphites (flaky graphite, scale graphite, earthy graphite, etc.), synthetic graphites, 
carbon blacks, acetylene blacks, ketchen blacks, carbon whiskers, carbon fibers, metal (copper, 
nickel, aluminum, silver, gold, etc.) powders, metal fibers, and electrically conductive ceramic 
materials may be used independently or in combination. 

Among electrically conductive materials listed above, acetylene black is further desirable 
from the standpoint of electron conductivity and coatability. The amount of the electrically 
conductive material used in this case is preferably in the range of 0.1 wt% to 50 wt%, and in the 
range of 0.5 wt% to 30 wt% is further desirable. When acetylene black is pulverized to form a 
super-fine particle of 0.1 to 0.5 (im and used, the amount of carbon required can be reduced. The 
mixing method used in this case is physical mixing, and uniform mixing is desirable. In this 
case, wet or dry mixing can be done by using a powder mixer such as V-type mixer, S-type 
mixer, ball mill, or planetary ball mill. 

For the aforementioned binder, in general, thermoplastic resins such as 
polytetrafluoroethylene (PTFE), polyvinylidene fluoride (PVDF), polyethylene and 
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polypropylene, or polymers with rubber elasticity such as ethylene-propylene-diene terpolymer 
(EPDM), sulfonated EPDM, styrene butadiene rubber (SBR), and fluoro rubbers may be used 
independently or in combination. The amount of binder added is in the range of 1 to 50 wt%, 
preferably, 2 to 30 wt%, for the total weight of the positive electrode or negative electrode. 

[p. 24] 

In general, for the above-mentioned thickeners, polysacharides such as carboxy methyl 
cellulose and methyl cellulose may be used independently or in combination. In this case, it is 
desirable when deactivation, for example, methylation, is performed for the functional group for 
the thickener having a functional group that forms a reaction with lithium as in the case of 
polysaccharides. The amount of thickener added is in the range of 0.5 to 10 wt%, preferably, 1 to 
2 wt%, for the total weight of the positive electrode or negative electrode. 

The filler used in this case is not especially limited as long as the cell performance is 
adversely influenced. In general, olefin type polymers such as polypropylene and polyethylene, 
amorphous silica, alumina, zeolite, glass, carbon, etc. are used. The amount of the filler added is 
30 wt% or less for the total weight of the positive electrode or negative electrode. 

Production of the positive electrode or negative electrode is carried out as an optional 
electrically conductive material or binder is added to the aforementioned positive electrode active 
material or positive electrode, mixing is performed with an organic solvent such as N- 
methylpyrrolidone and toluene, coating the solution produced onto the collector described below 
and drying the solution. For the coating method used in this case, it is not especially limited and 
coating can be achieved to form a desired thickness and form using a coating method such as 
applicator roll coating method, screen coating method, doctor blade coating method, spin coating 
method, or bar coating method. 

For the collector, an electron conductive material with an absence of adverse influence on 
the cell performance may be used. For example, as a collector for the positive electrode, in 
addition to materials such as aluminum, titanium, stainless steel, nickel, baked carbon, 
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conductive polymer, and conductive glass, an aluminum or a copper with the surface treated with 
a carbon, nickel, titanium or silver for an increase in adhesion, conductivity, and oxidation 
resistance may be used. As a collector for the negative electrode, in addition to materials such as 
copper, nickel, iron, stainless steel, aluminum, baked carbon, conductive polymer, conductive 
glass, and Al-Cd alloy, copper with the surface treated with a carbon, nickel, titanium, or silver 
for increased adhesion, conductivity, and reduction in resistance may be used. Furthermore, 
oxidation treatment may be carried out for the surface of the above-mentioned materials as well. 

[p. 25] 

For the shape of the collector, in addition to foils, films, sheets, nets, punched or 
expanded materials, lath materials, porous materials, foams, and fibers, etc. may be used. The 
thickness is not especially limited, and a thickness in the range of 1 to 500 ^m is used. Among 
the above-mentioned collectors, an aluminum foil having high oxidation resistance is desirable 
for the positive electrode, and an inexpensive copper foil, nickel foil, iron foil and alloy foil 
containing the same having reduction resistance and electron conductivity are desirable for the 
negative electrode. Furthermore, a foil with a surface roughness of at least 0.2 |im Ra is 
desirable, and in this case, high adhesion between the composite coprecipitate or negative 
electrode and collector can be achieved. Thus, it is desirable when an electrolytic foil having the 
above-mentioned rough surface is used. In particular, a treated electrolytic foil is further 
desirable. When both surfaces of the above-mentioned foil are to be coated, it is desirable when 
each surface roughness of the foil is the same or nearly the same. 

It is desirable when a porous film, non-woven fabric, etc. having excellent high-rate 
discharge performance is used for the separator independently or in combination. For the 
material that structures the separator, polyolefin type resins such as polyethylene and 
polypropylene, polyester type resins such as polyethylene terephthalate and polybutylene 
terephthalate, polyvinylidene fluoride, vinylidene fluoride-hexafluoropropylene copolymer, 
vinylidene fluoride-perfluorovinyl ether copolymer, vinylidene fluoride-tetrafluoroethylene 
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copolymer, vinylidene fluoride-trifluoroethylene copolymer, vinylidene fluoride- fluoroethylene 
copolymer, vinylidene fluoride-hexafluoroacetone copolymer, vinylidene fluoride-ethylene 
copolymer, vinylidene fluoride-propylene copolymer, vinylidene fluoride-trifluoropropylene 
copolymer, vinylidene fluoride-tetrafluoroethylene-hexafluoropropylene copolymer, vinylidene 
fluoride-ethylene-tetrafluoroethylene copolymer, etc. can be mentioned. 

From the standpoint of strength, it is desirable when the porosity of the separator is 98 
vol% or below. Furthermore, from the standpoint of charge/discharge performance, at least 20 
vol% of porosity is desirable. 

Furthermore, a polymer gel comprising a polymer such as acrylonitrile, ethylene oxide, 
propylene oxide, methyl methacrylate, vinyl acetate, vinyl pyrrolidone and polyvinylidene 
fluoride, and electrolyte may be used as well. 

[p. 26] 

When the nonaqueous secondary cell of the present invention is used in the form of a gel 
as described above, it is effective to prevent leakage. 

Furthermore, it is desirable when the above-mentioned porous film, non-woven fabric, 
etc. is used in combination with a polymer gel for the separator since liquid retention of the 
electrolyte can be improved. In other words, when a polymer having affinity with the solvent is 
formed on the surface and walls of the micropores of a polyethylene microporous film to form a 
film with a thickness of several microns or below, and electrolyte is retained inside the 
aforementioned micropores of the above-mentioned film and production of the aforementioned 
polymer gel having affinity with solvent can be achieved. 

For the aforementioned polymer having affinity with solvent, in addition to 
polyvinylidene fluoride, acrylate monomers having an ethylene oxide group or ester group, 
polymers crosslinked with an epoxy monomer or monomers having an isocyanate group, etc. can 
be mentioned. Crosslinking reaction may be carried out for the above-mentioned monomers by 
heat-treatment or ultraviolet ray (UV) in the presence of a radical initiator, or by an activated 
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beam such as an electron beam (EB). 

In order to increase the strength and to control properties, modifiers may be included in 
the aforementioned polymer having affinity with solvent in an amount that does not interfere 
with the crosslinking property. For examples of the aforementioned modifiers, inorganic fillers 
[metal oxides such as silicon oxide, titanium oxide, aluminum oxide, magnesium oxide, 
zirconium oxide, zinc oxide, and iron oxide, metal carbonates such as calcium carbonate and 
magnesium carbonate], polymers [polyvinylidene fluoride, vinylidene 

fluoride/hexafluoropropylene copolymer, poly acrylonitrile, polymethyl methacrylate, etc.] etc. 
can be mentioned. In general, the amount of the aforementioned modifiers added is 50 wt% or 
below, preferably, 20 wt% or below, for the crosslinking monomer. 

For the aforementioned acrylate monomer, unsaturated monomers of bifimctional or 
higher can be mentioned, and in specific terms, bifimctional (meth)acrylates {ethylene glycol 
di(meth)acrylate, propylene glycol di(meth)acrylate, adipic acid-dineopentyl glycol ester 
di(meth)acrylate, polyethylene glycol di(meth)acrylate with polymerization of 2 or higher, 
polypropylene di(meth)acrylate with polymerization of 2 or higher, di(meth)acrylate of polyoxy 
ethylene-polyoxy propylene copolymer, butane diol di(meth)acrylate, hexamethylene glycol 
di(meth)acrylate, etc.}, 

[p. 27] 

Afunctional (meth)acrylates {trimethylol propane tri(meth)acrylate), glycerol tri(meth)acrylate), 
tri(meth)acrylate) of ethylene oxide adduct of glycerol, tri(meth)acrylate) of propylene oxide 
adduct of glycerol, ethylene oxide of glycerol, tri(meth)acrylate) of propylene oxide adduct, etc.}, 
tetrafunctional or higher (meth)acrylates {pentaerythritol tetra (meth)acrylate, diglycerol hexa 
(meth)acrylate, etc.} can be mentioned. Furthermore, one type or two or more different types of 
the above-mentioned monomers may be mixed and used in combination in this case. 

For the purpose of adjustment of properties, etc., monofunctional monomers may be 
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added to the aforementioned acrylate monomers. For examples of the aforementioned 
monofunctional monomers, unsaturated carboxylic acids {acrylic acid, methacrylic acid, crotonic 
acid, cinnamic acid, vinyl benzoic acid, maleic acid, fumaric acid, itaconic acid, citraconic acid, 
mesaconic acid, methylene malonic acid, aconitic acid, etc.}, unsaturated sulfonic acids {styrene 
sulfonate, acrylamide-2-methyl propane sulfonic acid, etc.} or salts of the same (Li salt, Na salt, 
K salt, ammonium salt, tetraalkyl ammonium salt, etc.), furthermore, a partially esterified above- 
mentioned unsaturated carboxylic acids with an aliphatic or alicyclic alcohols with CI to CI 8, 
alkylene (C2 to C4) glycol, polyalkylene (C2 to C4) glycol, etc. (methyl maleate, monohydroxy 
ethyl maleate, etc.) and a partially amidated acids with ammonia, primary or secondary amine 
(maleic acid monoamide, N-methyl maleic acid monoamide, N,N-diethyl maleic acid 
monoamide, etc.), (meth)acrylates [esters of CI to CI 8 aliphatic alcohols (methyl, ethyl, propyl, 
butyl, 2-ethyl hexyl, stearyl, etc.) and (meth)acrylic acid, esters of alkylene (C2 to C4) glycol 
(ethylene glycol, propylene glycol, 1,4-butane diol, etc.) and polyalkylene glycol (C2 to C4) 
glycol (polyethylene glycol, polypropylene glycol) and (meth)acrylic acid]; (meth)acrylamide or 
N-substituted (meth)acrylamide [(meth)acrylamide, N-methyl (meth)acrylamide, N-methylol 
(meth)acrylamide, etc.]; vinyl ester or allyl ester [vinyl acetate, allyl acetate, etc.]; 

[p. 28] 

vinyl ether or allyl ether [butyl vinyl ether, dodecyl allyl ether etc.]; unsaturated nitrile 
compounds [(meth) acrylonitrile, crotone nitrile, etc.]; unsaturated alcohols [(meth)allyl alcohol, 
etc.]; unsaturated amines [(meth)allyl amine, dimethyl aminoethyl (meth)acrylate, diethyl 
aminoethyl (meth)acrylate, etc.]; monomer containing heterocycles [N- vinyl pyrrolidone, vinyl 
pyridine, etc.]; olefin type aliphatic hydrocarbons [ethylene, propylene, butylene, isobutylene, 
pentene, (C6 to C50) a-olefm, etc.]; olefin type alicyclic hydrocarbons [cyclopentene, 
cycrohexene, cycloheptene, norbornane, etc.]; olefin type aromatic hydrocarbons [styrene, a- 
methyl styrene, stilbene, etc.]; unsaturated imides [maleimide, etc.]; monomers containing 
halogens [vinyl chloride, vinylidene chloride, vinylidene fluoride, hexafluoropropylene, etc.], etc. 
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can be mentioned. 

For examples of the above-mentioned epoxy monomers, glycidyl ethers {bisphenol A 
diglycidyl ether, bisphenol F diglycidyl ether, brominated bisphenol A diglycidyl ether, phenol 
novolak glycidyl ether, diglycidyl ether, cresol novolak glycidyl ether, etc.], glycol esters 
{hexahydrophthalic acid glycidyl ester, dimer acid glycidyl ester, etc.}, glycidyl amines 
{triglycidyl isocyanulate, tetraglycidyl diaminophenyl methane, etc.}, linear aliphatic epoxides 
{epoxidated polybutadiene, epoxidated soybean oil, etc.}, alicyclic epoxides {3,4-epoxy-6- 
methyl cyclohexyl methyl carboxylate, 3,4-epoxy-cyclohexyl methyl carboxylate, etc.], etc. can 
be mentioned. The above-mentioned epoxy resins may be used alone or a hardener may be 
added and curing carried out. 

For examples of the aforementioned curing agents, aliphatic polyamines {diethylene 
triamine, triethylene tetramine, 3,9-(3-aminopropyl)-2,4,8,10-tetraoxaspiro[5,5]undecane, etc.}, 
aromatic polyamines {metaxylene diamine, diaminophenyl methane, etc.}, polyamides {dimer 
acid polyamide, etc.}, acid anhydrides {phthalic anhydride, tetrahydromethyl phthalic anhydride, 
hexahydrophthalic anhydride, trimellitic anhydride, etc.}, phenols {phenol novolak resin, etc.}, 
polymercaptan {polysulfide, etc.}, tertiary amines {tris(dimethyl aminomethyl) phenol, 2-ethyl- 
4-methyl imidazole, etc.}, Lewis acid composite complex {trifluoroboron-ethyl amine complex}, 
etc. can be mentioned. 

[P- 29] 

For monomers having the aforementioned isocyanate groups, toluene diisocyanate, 
diphenyl methane diisocyanate, 1 ,6-hexamethylene diisocyanate, 2,2,4-(2,2,4)-trimethyl- 
hexamethylene diisocyanate, p-phenylene diisocyanate, 4,4'-dicyclohexyl methane diisocyanate, 
3,3'-dimethyl diphenyl-4,4'-diisocyanate, dianicidine diisocyanate, m-xylene diisocyanate, 
trimethyl xylene diisocyanate, isophorone diisocyanate, 1,5-naphthalene diisocyanate, trans- 1,4- 
cyclohexyl diisocyanate, lysin diisocyanate, etc. can be mentioned. 

In crosslinking of the aforementioned isocyanate groups, compounds having active 
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hydrogen, for example, polyols and polyamines [Afunctional compounds {water, ethylene glycol, 
propylene glycol, diethylene glycol, dipropylene glycol, etc.}, trifiinctional compounds {glycerol, 
trimethylol propane, 1,2,6-hexane triol, triethanol amine, etc.}, tetrafunctional compounds 
{pentaerythritol, ethylene diamine, tolylene diamine, diphenyl methane diamine, tetramethylol 
cyclohexane, methyl glucoxide, etc.}, pentafunctional compounds {2,2,6,6-tetrakis(hydroxy 
methyl) cyclohexanol, diethylene triamine, etc.}, hexafunctional compounds {sorbitol, mannitol, 
duicitol, etc.}, octafunctional compounds {succurose, etc.}] and polyether polyols {propylene 
oxide of the aforementioned polyol or polyamine and/or ethylene oxide adduct}, polyester polyol 
[a condensate of the aforementioned polyol and polybasic acid {adipic acid, o,m,p-phthalic acid, 
succinic acid, azelaic acid, sebasic acid, recinoleic acid}, polycaprolactone polyol {poly-epsilon- 
caprolactone, etc.}, polycondensate of hydroxy carboxylic acid, etc.], etc. may be used in 
combination. 

[p. 30] 

Upon performing the above-mentioned crosslinking reaction, a catalyst may be used in 
combination. For examples of catalysts used in this case, organic tin compounds, trialkyl 
phosphines, amines, amines [monoamines {N,N-dimethyl cyclohexylamine, triethyl amine, etc.}, 
cyclic monoamines {pyridine, N-methyl morpholine, etc.}, diamines {N,N,N',N'-tetramethyl 
ethylene diamine, N^^jN'-tetramethyl- 1,3 -butane diamine, etc.}, triamines {N,N,N',N'- 
pentamethyl diethylene triamine, etc.}, hexamines {N,N,N\N f -tetra(3 -dimethyl aminopropyl)- 
methane diamine, etc.}, cyclic polyamines {diazabicyclooctane (DABCO), N,N f -dimethyl 
piperadine, 1,2-dimethyl imidazole, l,8-diazabicyclo(5,4,0)undecene-7 (DBU), etc.}, and salts of 
the same] can be mentioned. 

Production of the nonaqueous secondary cell concerning the present invention can be 
achieved when an electrolyte is injected before or after laminating a separator, positive electrode 
and negative electrode and sealing with a sheath material. Furthermore, in a nonaqueous 
secondary cell consisting of wrapping a generating component in which the positive electrode 
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and negative electrode are laminated with the separator in between, it is desirable to inject the 
electrolyte to the generating component before and after wrapping. As for the injection method 
used in this case, injection can be performed under ambient pressure, or vacuum impregnation 
method or pressure impregnation method may be used as well. 

For the material used for the sheath of the nonaqueous secondary cell, a nickel-plated 
iron, stainless steel, aluminum, metal resin composite film, etc. can be mentioned. For example, 
a metal resin composite film where a metal foil is sandwiched with resin films is desirable. For 
specific examples of the aforementioned metal foils, foils without pinholes, for example, 
aluminum, iron, nickel, copper, stainless steel, titanium, gold, and silver, can be used, and a light- 
weight and low-cost aluminum foil is further desirable in this case. Furthermore, for the resin 
film used for outside the cell, a resin film having high puncture resistance such as polyethylene 
terephthalate film and nylon film is desirable, and for the resin film used inside the cell, a 
thermally-fusible film having high solvent resistance such as polyethylene film and nylon film is 
desirable. 

The structure of the nonaqueous secondary cell is not especially limited, and a coin cell or 
button cell having a positive electrode, negative electrode and single layer or multilayer 
separator, furthermore, cylinder cell, square cell, flat cell having a positive electrode, negative 
electrode and single layer or multilayer separator, etc. can be mentioned. 

[p. 31] 

<Working examples> 

In the following, the present invention is explained further in specific terms with working 
examples and comparative examples below, but the present invention is not limited to working 
examples shown below. 
[First embodiment] 

(Working Example 1-1) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
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nitrate and nickel nitrate at an atomic ratio for Mn:Ni of 1 : 1 and coprecipitation was performed; 
then, heating was provided to 150°C and sequentially, drying was performed to produce a 
manganese-nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate 
compound was added to a lithium hydroxide solution, stirring was provided; then, evaporation of 
the solvent was carried out to dry, and baking was done for 12 hours at a temperature of 1000°C 
in an oxygen atmosphere, and finally, classification of the particles was carried out to produce a 
powder of D5o=9 |im. The specific surface area of the particles based on the BET method was 
1.0 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated diffraction peaks at around 26=18.58 degrees, 36.38 degrees, 37.68 degrees, 38.02 
degrees, 44.10 degrees, 48.24 degrees, 58.22 degrees, 63.92 degrees, 64.10 degrees, 64.4 degrees, 
67.68 degrees, and a monolayer having high crystallinity that appears to be a layer structure 
belonging to the spatial group R3/m was synthesized. The X-ray analysis chart of the 
aforementioned powder is indicated by Fig. 3. As a result of the elemental analysis, the 
composition of the aforementioned powder was LiMno.5Nio.5O2. The powder produced above 
was defined as Powder A. 

The aforementioned Powder A was used as the positive electrode active material, and 
production of a square nonaqueous secondary cell having a capacity of approximately 15 Ah 
indicated by Fig. 2 was carried out as shown below. 

Mixing was done for Powder A used as the positive electrode active material, acetylene 
black used as an electrically conductive material, and polyvinylidene fluoride (PVDF) used as a 
binder at a weight ratio of 85:10:5, N-methyl pyrrolidone was added as a solvent, and kneading 
and dispersing were carried out to produce a positive electrode coating composition. In this case, 
a solution with a solid component of the aforementioned polyvinylidene fluoride dispersed in it 
was used and weight conversion was done for the solid component. The aforementioned positive 
electrode coating composition was coated onto both surfaces of an aluminum foil collector with a 
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thickness of 20 ^im and an adjustment was made to achieve an overall thickness of 230 ^im, and 
production of a positive electrode sheet having a capacity of 63 mAh/cm 2 was achieved. The 
aforementioned positive electrode sheet was cut to a width of 61 mm and height of 107 mm, and 
an aluminum lead sheet with a thickness of 20 jim and width of 10 mm was attached to the end 
of the sheet to form positive electrode plate 7. 

[p. 32] 

Furthermore, a synthetic graphite (particle diameter 6 |im) was used as a negative 
electrode material, 10 wt% of polyvinylidene fluoride (PVDF) was added to the aforementioned 
negative electrode material as a binder, N-methylpyrrolidone was added as a solvent, and 
kneading and dispersing were done to produce a negative electrode coating composition. In this 
case, a solution dispersed with a solid component of the aforementioned polyvinylidene fluoride 
was used and the weight conversion was carried out for the solid component. The 
aforementioned negative electrode coating composition was coated onto both surfaces of a 
copper foil collector with a thickness of 10 ^m and an adjustment was made to achieve an overall 
thickness of 1 80 |im, and production of a negative electrode sheet having a capacity of 7 
mAh/cm 2 was achieved. The aforementioned negative electrode sheet was cut to form the width 
of 65 mm and height of 1 1 1 mm, and a copper lead sheet with a thickness of 10 |im and width of 
10 mm was attached to the end of the sheet to form negative electrode plate 9. 

Vacuum drying was carried out for the aforementioned positive electrode plate 7 and 
negative electrode plate 9 for 12 hours at a temperature of 150°C. Furthermore, the 
aforementioned positive electrode plate was inserted into a case with a width of 65 mm and 
height of 1 1 1 mm made of a polyethylene microporous film and used as separator 8, and the 
positive electrode plate 7 with separator 8 and negative electrode plate 9 were alternatingly 
laminated to form a laminate consisting of 40 positive electrode plates 7 with separators 8 and 41 
negative electrode plates 9. 

The aforementioned electrode laminate was wrapped with an insulating film made of a 
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polyethylene resin, and stored in a square battery jar 10 made of aluminum, the lead plate of 
positive electrode plate 7 and negative electrode plate 9 are connected with bolts to positive 
electrode terminal 5 and negative electrode terminal 4, respectively, attached to cover 2 made of 
aluminum and having safety valve 1. In this case, gasket 6 made of a polypropylene resin was 
used and terminals 4 and 5 are insulated from the aforementioned cover 2. 

Furthermore, welding was performed for the aforementioned cover 2 and battery jar 10 
with laser weld 3, 65 g of electrolyte produced by dissolving 1 mol/1 of LiPF 6 in a 1 : 1 volume 
ratio mixed solvent of ethylene carbonate and diethylene carbonate was poured into the 
aforementioned battery jar 10, and sealing was performed, then, constant-current and constant- 
voltage charging was done at a temperature of 25°C under 1.5 A, 4.2V for 15 hours, and then, 
constant-current discharge was carried out under 1 .5 A and at a final voltage of 3 V. In this 
manner, a square lithium cell with a width of 70 mm, height of 130 mm (height with terminal of 
136 mm) and depth of 22 mm. The cell produced was defined as the cell of Working Example 1- 
1. 

[p. 33] 

(Working Example 1-2) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 1 :1 and coprecipitation was performed, 
then, heating was provided to 150°C and sequentially, drying was done to produce a manganese- 
nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate compound 
was added to lithium hydroxide solution, and stirring was performed, then, evaporation of the 
solvent was done to dry, and baking was done for 12 hours at a temperature of 1000°C in an 
oxygen atmosphere, and finally, classification of the particle was carried out to produce a powder 
of D5o=20 urn. The specific surface area of the particles based on the BET method was 1 .0 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
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similar to that of the above-mentioned powder A. The results of the elemental analysis indicated 
that the composition of the aforementioned powder was LiMno.5Nio.5O2. The powder produced 
above was used as the positive electrode active material and production of a square lithium cell 
having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 
1-1). The cell produced was defined as the cell of Working Example 1-2. 
(Working Example 1-3) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 1 :1 and coprecipitation was performed; 
then, heating was provided to 150°C and sequentially, drying was done to produce a manganese- 
nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate compound 
was added to a lithium hydroxide solution, stirring was provided; then, evaporation of the solvent 
was done to dry, and baking was done for 12 hours at a temperature of 1030°C in an oxygen 
atmosphere, and finally, classification of the particles was done to produce a powder of D5o=20 
Urn. The specific surface area of the particle based on the BET method was 0.9 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder A. The results of the elemental analysis indicated 
that the composition of the aforementioned powder was LiMno.5Nio.5O2. The powder produced 
above was used as the positive electrode active material and production of a square lithium cell 
having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 
1-1). The cell produced was defined as the cell of Working Example 1-3. 

[p. 34] 

(Working Example 1-4) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 1 : 1 and coprecipitation was performed; 
then, heating was provided to 150°C and sequentially, drying was done to produce a manganese- 
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nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate compound 
was added to lithium hydroxide solution, stirring was provided; then, evaporation of the solvent 
was done to dry, and baking was done for 12 hours at a temperature of 1060°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
Dso=20 jam. The specific surface area of the particles based on the BET method was 0.9 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder A. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.5Nio.5O2. The powder produced above 
was used as the positive electrode active material and production of a square lithium cell having 
a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 1-1). 
The cell produced was defined as the cell of Working Example 1-4. 

(Working Example 1-5) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 1 :1 and coprecipitation was performed; 
then, heating was provided to 150°C and sequentially, drying was done to produce a manganese- 
nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate compound 
was added to lithium hydroxide solution, stirring was provided; then, evaporation of the solvent 
was done to dry, and baking was done for 12 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
D5o = 20 \im. The specific surface area of the particles based on the BET method was 0.9 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be the layer structure 
similar to that of the above-mentioned powder A. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.5Nio.5O2. The powder produced above 
was used as the positive electrode active material and production of a square lithium cell having 
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a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 1-1). 
The cell produced was defined as the cell of Working Example 1-5. 
(Working Example 1-6) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 1:1 and coprecipitation was performed; 
then, heating was provided to 150°C and sequentially, drying was done to produce a manganese- 
nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate compound 
was added to lithium hydroxide solution, stirring was provided; then, evaporation of the solvent 
was done to dry, and baking was done for 12 hours at a temperature of 950°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
D5o = 20 (im. The specific surface area of the particles based on the BET method was 0.9 m7g. 

[p. 35] 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder A. The results of the elemental analysis indicated 
that the composition of the aforementioned powder was LiMno.5Nio.5O2. The powder produced 
above was used as the positive electrode active material and production of a square lithium cell 
having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 
1-1). The cell produced was defined as the cell of Working Example 1-6. 

(Working Example 1-7) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 1:1 and coprecipitation was performed; 
then, heating was provided to 150°C and sequentially, drying was performed to produce a 
manganese-nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate 
compound was added to lithium hydroxide solution, stirring was provided; then, evaporation of 
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the solvent was done to dry, and baking was done for 12 hours at a temperature of 960°C in an 
oxygen atmosphere, and finally, classification of the particles was carried out to produce a 
powder of D5o=20 ^tm. The specific surface area of the particles based on the BET method was 
0.9 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder A. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.5Nio.5O2. The powder produced above 
was used as the positive electrode active material and production of a square lithium cell having 
a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 1-1). 
The cell produced was defined as the cell of Working Example 1-7. 

(Working Example 1-8) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 1 :1 and coprecipitation was performed; 
then, heating was provided to 150°C and sequentially, drying was performed to produce a 
manganese-nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate 
compound was added to lithium hydroxide solution, stirring was provided; then, evaporation of 
the solvent was done to dry, and baking was done for 12 hours at a temperature of 980°C in an 
oxygen atmosphere, and finally, classification of the particles was carried out to produce a 
powder of D50=20 |im. The specific surface area of the particles based on the BET method was 
0.9 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder A. The results of the elemental analysis indicated 
that the composition of the aforementioned powder was LiMno.5Nio.5O2. The powder produced 
above was used as the positive electrode active material and production of a square lithium cell 



-45- 



WO02/073718 

having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 
1-1). The cell produced was defined as the cell of Working Example 1-8. 

[p. 36] 

(Working Example 1-9) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 1:1 and coprecipitation was performed; 
then, heating was performed to 150°C and sequentially, drying was done to produce a 
manganese-nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate 
compound was added to lithium hydroxide solution, stirring was provided; then, evaporation of 
the solvent was done to dry, and baking was done for 5 hours at a temperature of 1000°C in an 
oxygen atmosphere, and finally, classification of the particles was carried out to produce a 
powder of D50=20 pm. The specific surface area of the particle based on the BET method was 
0.3 m 2 /g. 

The measurement result of the X-ray analysis of the above-mentioned powder by CuKa 
ray indicated formation of a monolayer having high crystallinity that appears to be the layer 
structure similar to that of the above-mentioned powder A. The results of the elemental analysis 
indicated that the composition of the aforementioned powder was LiMno.5Nio.5O2. The powder 
produced above was used as the positive electrode active material and production of a square 
lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in 
(Working Example 1-1). The cell produced was defined as the cell of Working Example 1-9. 

(Working Example 1-10) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 1:1 and coprecipitation was performed; 
then, heating was provided to 1 50°C and sequentially, drying was done to produce a manganese- 
nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate compound 
was added to lithium hydroxide solution, stirring was provided; then, evaporation of the solvent 
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was done to dry, and baking was done for 5 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
D 5 o=20 jim. The specific surface area of the particles based on the BET method was 0.3 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be the layer structure 
similar to that of the above-mentioned powder A. The X-ray diffraction chart of the 
aforementioned powder is indicated by Fig. 4. The results of elemental analysis indicated that the 
composition of the aforementioned powder was LiMno.5Nio.5O2. The powder produced above 
was used as the positive electrode active material and production of a square lithium cell having 
a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 1-1). 
The cell produced was defined as the cell of Working Example 1-10. 

[p. 37] 

(Working Example 1-11) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 1 : 1 and coprecipitation was performed; 
then, heating was provided to 150°C and sequentially, drying was done to produce a manganese- 
nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate compound 
was added to lithium hydroxide solution, stirring was provided; then, evaporation of the solvent 
was done to dry, and baking was done for 20 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
D5o=5 nm. The specific surface area of the particles based on the BET method was 1.5 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be the layer structure 
similar to that of the above-mentioned powder A. The X-ray diffraction chart of the 
aforementioned powder is indicated by Fig. 4. The result of the elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.5Nio.5O2. The powder produced above 
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was used as the positive electrode active material and production of a square lithium cell having 
a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 1-1). 
The cell produced was defined as the cell of Working Example 1-11. 
(Comparative Example 1-1) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 1.9:0.1 and coprecipitation was 
performed; then, heating was provided to 150°C and sequentially, drying was done to produce a 
manganese-nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate 
compound was added to lithium hydroxide solution, stirring was provided; then, evaporation of 
the solvent was done to dry, and baking was done for 3 hours at a temperature of 950°C in an 
oxygen atmosphere, and finally, classification of the particles was carried out to produce a 
powder of D 5 o=20 \im. The specific surface area of the particles based on the BET method was 
0.6 m 2 /g. 

Based on the results of X-ray analysis of the above-mentioned powder by CuKa ray, 
diffraction peaks were observed at 29 18 degrees, 37 degrees, 39 degrees, 45 degrees, 61 degrees, 
65 degrees and 67 degrees, and synthesis of layer-structured halite that belongs to special group 
C3/m was confirmed. The results of elemental analysis indicated that the composition of the 
aforementioned powder was LiMno.95Nio.05O2. The powder produced above was used as the 
positive electrode active material and production of a square lithium cell having a capacity of 
approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 1-1). The cell 
produced was defined as the cell of Comparative Example 1-1. 

[p. 38] 

(Comparative Example 1-2) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and precipitation was performed; then, heating was provided to 150°C and sequentially, 
drying was done to produce a manganese compound. The aforementioned manganese compound 
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was added to lithium hydroxide solution, stirring was provided; then, evaporation of the solvent 
was done to dry, and baking was done for 3 hours at a temperature of 850°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
D50=10 urn. The specific surface area of the particles based on the BET method was 0.4 m 2 /g. 
The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a crystal having a spinel structure. The results of elemental analysis 
indicated that the composition of the aforementioned powder was LiMn1.05Ni1.95O4. The powder 
produced above was used as the positive electrode active material and production of a square 
lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in 
(Working Example 1-1). The cell produced was defined as the cell of Comparative Example 1-2. 
(Comparative Example 1-3) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 1 :1 and coprecipitation was performed; 
then, heating was provided to 150°C and sequentially, drying was done to produce a manganese- 
nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate compound 
was added to lithium hydroxide solution, stirring was provided; then, evaporation of the solvent 
was done to dry, and baking was done for 3 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
D5o=3 |am. The specific surface area of the particles based on the BET method was 2.0 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be the layer structure 
similar to that of the above-mentioned powder A. The results of the elemental analysis indicated 
that the composition of the aforementioned powder was LiMno.5Nio.5O2. The powder produced 
above was used as the positive electrode active material and production of a square lithium cell 
having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 
1-1). The cell produced was defined as the cell of Comparative Example 1-3. 
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(Comparative Example 1-4) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 1 : 1 and coprecipitation was performed; 
then, heating was provided to 150°C and sequentially, drying was done to produce a manganese- 
nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate compound 
was added to lithium hydroxide solution, stirring was provided; then, evaporation of the solvent 
was done to dry, and baking was done for 15 hours at a temperature of 800°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
D5o=5 urn. The specific surface area of the particles based on the BET method was 2.0 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be the layer structure 
similar to that of the above-mentioned powder A. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.5Nio.5O2. The powder produced above 
was used as the positive electrode active material and production of a square lithium cell having 
a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 1-1). 
The cell produced was defined as the cell of Comparative Example 1-4. 

(Comparative Example 1-5) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 1 : 1 and coprecipitation was performed; 
then, heating was provided to 150°C and sequentially, drying was done to produce a manganese- 
nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate compound 
was added to lithium hydroxide solution, stirring was provided; then, evaporation of the solvent 
was done to dry, and baking was done for 24 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
D5o=5 ^im. The specific surface area of the particles based on the BET method was 0.2 m 2 /g. 
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The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder A. The results of the elemental analysis indicated 
that the composition of the aforementioned powder was LiMno.5Nio.5O2. The powder produced 
above was used as the positive electrode active material and production of a square lithium cell 
having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 
1-1). The cell produced was defined as the cell of Comparative Example 1-5. 

[p. 40] 

(Comparative Example 1-6) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 1:1 and coprecipitation was performed; 
then, heating was provided to 150°C and sequentially, drying was done to produce a manganese- 
nickel coprecipitate compound. The aforementioned manganese-nickel coprecipitate compound 
was added to lithium hydroxide solution, stirring was provided; then, evaporation of the solvent 
was done to dry, and baking was done for 24 hours at a temperature of 1 100°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
D5o=30 |im. The specific surface area of the particles based on the BET method was 0.2 m /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be the layer structure 
similar to that of the above-mentioned powder A. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.5Nio.5O2. The powder produced above 
was used as the positive electrode active material and production of a square lithium cell having 
a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 1-1). 
The cell produced was defined as the cell of Comparative Example 1-6. 
[Second embodiment] 

(Working Example 2-1) 
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A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 0.95:0.95 and coprecipitation was 
performed; then, heating was provided to 150°C and sequentially, drying was done to produce a 
manganese-nickel coprecipitate compound. Furthermore, the aforementioned manganese-nickel 
coprecipitate compound and boric acid were added to lithium hydroxide solution at an elemental 
ratio of Li:Mn:Ni:B of 2:0.95:0.95:0.10, and baking was done for 12 hours at a temperature of 
1000°C in an oxygen atmosphere, and finally, classification of the particles was carried out to 
produce a powder of D50=9 |im. The specific surface area of the particles based on the BET 
method was 0.9 m 2 /g. The measurement results of X-ray analysis of the above-mentioned 
powder by CuKa ray indicated formation of a monolayer having high crystallinity that appears to 
be the layer structure similar to that of the above-mentioned powder A. The results of elemental 
analysis indicated that the composition of the aforementioned powder was 
LiMno.475Nio.475Bo.05O2. The powder produced above was used as the positive electrode active 
material and production of a square lithium cell having a capacity of approximately 15 Ah 
indicated by Fig. 2 was done as in (Working Example 1-1). The cell produced was defined as the 
cell of Working Example 2-1. 

(Working Example 2-2) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and vanadium oxide at an atomic ratio of Mn:Ni:V of 0.95:0.95:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and sequentially, drying was 
done to produce a manganese-nickel-vanadium coprecipitate compound. 

[p. 41] 

Furthermore, the aforementioned manganese-nickel-vanadium coprecipitate compound was 
added to lithium hydroxide solution, then, evaporation of the solvent was done to dry, and baking 
was done for 12 hours at a temperature of 1000°C in an oxygen atmosphere, and finally, 
classification of the particles was carried out to produce a powder of D5o=9 jam. The specific 
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surface area of the particles based on the BET method was 0.9 m 2 /g. The measurement results of 
X-ray analysis of the above-mentioned powder by CuKa ray indicated formation of a monolayer 
having high crystallinity that appears to be the layer structure similar to that of the above- 
mentioned powder A. The results of elemental analysis indicated that the composition of the 
aforementioned powder was LiMno.475Nio.475Vo.05O2. The powder produced above was used as 
the positive electrode active material and production of a square lithium cell having a capacity of 
approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 1-1). The cell 
produced was defined as the cell of Working Example 2-2. 
(Working Example 2-3) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and aluminum nitrate at an atomic ratio of Mn:Ni:Al of 0.95:0.95:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and sequentially, drying was 
done to produce a manganese-nickel-aluminum coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-aluminum coprecipitate compound was added to lithium 
hydroxide solution; then, evaporation of the solvent was done to dry, and baking was done for 12 
hours at a temperature of 1000°C in an oxygen atmosphere, and finally, classification of the 
particles was carried out to produce a powder of Dso=9 um. The specific surface area of the 
particles based on the BET method was 0.9 m 2 /g. The measurement results of X-ray analysis of 
the above-mentioned powder by CuKa ray indicated formation of a monolayer having high 
crystallinity that appears to be the layer structure similar to that of the above-mentioned powder 
A. The results of elemental analysis indicated that the composition of the aforementioned 
powder was LiMno.475Nio.475Alo.05O2. The powder produced above was used as the positive 
electrode active material and production of a square lithium cell having a capacity of 
approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 1-1). The cell 
produced was defined as the cell of Working Example 2-3. 

(Working Example 2-4) 
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A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and magnesium nitrate at an atomic ratio of Mn:Ni:Mg of 0.95:0.95:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and sequentially, drying was 
done to produce a manganese-nickel-magnesium coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-magnesium coprecipitate compound was added to lithium 
hydroxide solution; then, evaporation of the solvent was done to dry, and baking was done for 12 
hours at a temperature of 1000°C in an oxygen atmosphere, and finally, classification of the 
particles was carried out to produce a powder of Dso=9 Jim. The specific surface area of the 
particles based on the BET method was 0.9 m 2 /g. 

[p. 42] 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be the layer structure 
similar to that of the above-mentioned powder A. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.475Nio.475Mgo.05O2. The powder 
produced above was used as the positive electrode active material and production of a square 
lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in 
(Working Example 1-1). The cell produced was defined as the cell of Working Example 2-4. 
(Working Example 2-5) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and cobalt nitrate at an atomic ratio of Mn:Ni:Co of 0.95:0.95:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and sequentially, drying was 
done to produce a manganese-nickel-cobalt coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-cobalt coprecipitate compound was added to lithium 
hydroxide solution; then, evaporation of the solvent was done to dry, and baking was done for 12 
hours at a temperature of 1000°C in an oxygen atmosphere, and finally, classification of the 
particles was carried out to produce a powder of Dso=9 urn. The specific surface area of the 
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particles based on the BET method was 0.9 m 2 /g. The measurement results of X-ray analysis of 
the above-mentioned powder by CuKa ray indicated formation of a monolayer having high 
crystallinity that appears to be the layer structure similar to that of the above-mentioned powder 
A. The results of elemental analysis indicated that the composition of the aforementioned 
powder was LiMno.475Nio,475Coo.o502. The powder produced above was used as the positive 
electrode active material and production of a square lithium cell having a capacity of 
approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 1-1). The cell 
produced was defined as the cell of Working Example 2-5. 
(Working Example 2-6) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and chromium nitrate at an atomic ratio of Mn:Ni:Cr of 0.95:0.95:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and sequentially, drying was 
done to produce a manganese-nickel-chromium coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-magnesium coprecipitate compound was added to lithium 
hydroxide solution; then, evaporation of the solvent was done to dry, and baking was done for 12 
hours at a temperature of 1000°C in an oxygen atmosphere, and finally, classification of the 
particles was carried out to produce a powder of Dso=9 jxm. The specific surface area of the 
particles based on the BET method was 0.9 m 2 /g. 

[p. 43] 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be the layer structure 
similar to that of the above-mentioned powder A. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.475Nio.475Cro.05O2. The powder 
produced above was used as the positive electrode active material and production of a square 
lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in 
(Working Example 1-1). The cell produced was defined as the cell of Working Example 2-6. 
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(Working Example 2-7) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate, and titanium oxide at an atomic ratio of Mn:Ni:Ti of 0.95:0.95:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and sequentially, drying was 
done to produce a manganese-nickel-vanadium coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-titanium coprecipitate compound was added to lithium 
hydroxide solution; then, evaporation of the solvent was done to dry, and baking was done for 12 
hours at a temperature of 1000°C in an oxygen atmosphere, and finally, classification of the 
particles was carried out to produce a powder of Dso=9 Jim. The specific surface area of the 
particles based on the BET method was 0.9 m 2 /g. The measurement results of X-ray analysis of 
the above-mentioned powder by CuKa ray indicated formation of a monolayer having high 
crystallinity that appears to be the layer structure similar to that of the above-mentioned powder 
A. The results of elemental analysis indicated that the composition of the aforementioned 
powder was LiMno.475Nio.475Tio.05O2. The powder produced above was used as the positive 
electrode active material and production of a square lithium cell having a capacity of 
approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 1-1). The cell 
produced was defined as the cell of Working Example 2-7. 

(Working Example 2-8) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and iron sulfate at an atomic ratio of Mn:Ni:Fe of 0.95:0.95:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and sequentially, drying was 
done to produce a manganese-nickel-iron coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-iron coprecipitate compound was added to lithium hydroxide 
solution, stirring was provided; then, evaporation of the solvent was done to dry, and baking was 
done for 12 hours at a temperature of 1000°C in an oxygen atmosphere, and finally, classification 
of the particles was carried out to produce a powder of D5o=9 |im. The specific surface area of 
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the particles based on the BET method was 0.9 m 2 /g. 

[p. 44] 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be the layer structure 
similar to that of the above-mentioned powder A. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.475Nio.475Feo.05O2. The powder 
produced above was used as the positive electrode active material and production of a square 
lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in 
(Working Example 1-1). The cell produced was defined as the cell of Working Example 2-8. 
(Working Example 2-9) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and copper sulfate at an atomic ratio of Mn:Ni:Cu of 0.95:0.95:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and sequentially, drying was 
done to produce a manganese-nickel-copper coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-copper coprecipitate compound was added to lithium 
hydroxide solution, stirring was provided; then, evaporation of the solvent was done to dry, and 
baking was done for 12 hours at a temperature of 1000°C in an oxygen atmosphere, and finally, 
classification of the particles was carried out to produce a powder of D5o=9 (im. The specific 
surface area of the particles based on the BET method was 0.9 m 2 /g. The measurement results of 
X-ray analysis of the above-mentioned powder by CuKa ray indicated formation of a monolayer 
having high crystallinity that appears to be the layer structure similar to that of the above- 
mentioned powder A. The results of elemental analysis indicated that the composition of the 
aforementioned powder was LiMno.475Nio.475Cuo.05O2. The powder produced above was used as 
the positive electrode active material and production of a square lithium cell having a capacity of 
approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 1-1). The cell 
produced was defined as the cell of Working Example 2-9. 
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(Working Example 2-10) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and zinc sulfate at an atomic ratio of Mn:Ni:Zn of 0.95:0.95:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and sequentially, drying was 
done to produce a manganese-nickel-zinc coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-zinc coprecipitate compound was added to lithium hydroxide 
solution, stirring was provided; then, evaporation of the solvent was done to dry, and baking was 
done for 12 hours at a temperature of 1000°C in an oxygen atmosphere, and finally, classification 
of the particles was carried out to produce a powder of D50=9 pm. The specific surface area of 
the particles based on the BET method was 0.9 m 2 /g. The measurement results of X-ray analysis 
of the above-mentioned powder by CuKa ray indicated formation of a monolayer having high 
crystallinity that appears to be the layer structure similar to that of the above-mentioned powder 
A. 

[p. 45] 

The results of elemental analysis indicated that the composition of the aforementioned powder 
was LiMno.475Nio.475Zno.05O2. The powder produced above was used as the positive electrode 
active material and production of a square lithium cell having a capacity of approximately 15 Ah 
indicated by Fig. 2 was done as in (Working Example 1-1). The cell produced was defined as the 
cell of Working Example 2-10. 

(Comparative Example 2-1) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and magnesium nitrate at an atomic ratio of Mn:Ni:Mg of 0.95:0.95:0.1 and 
coprecipitation was performed; then, heating was provided to 1 50°C and sequentially, drying was 
done to produce a manganese-nickel-magnesium coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-magnesium coprecipitate compound was added to lithium 
hydroxide solution, stirring was provided; then, evaporation of the solvent was done to dry, and 
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baking was done for 12 hours at a temperature of 1000°C in an oxygen atmosphere, and finally, 
classification of the particles was carried out to produce a powder of Dso=15 |xm. The specific 
surface area of the particles based on the BET method was 0.2 m 2 /g. The measurement results of 
X-ray analysis of the above-mentioned powder by CuKa ray indicated formation of a monolayer 
having high crystallinity that appears to be the layer structure similar to that of the above- 
mentioned powder A. The results of elemental analysis indicated that the composition of the 
aforementioned powder was LiMno.475Nio.475Mgo.05O2. The powder produced above was used as 
the positive electrode active material and production of a square lithium cell having a capacity of 
approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 1-1). The cell 
produced was defined as the cell of Comparative Example 2-1. 
(Comparative Example 2-2) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and magnesium nitrate at an atomic ratio of Mn:Ni:Mg of 0.95:0.95:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and sequentially, drying was 
done to produce a manganese-nickel-magnesium coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-magnesium coprecipitate compound was added to lithium 
hydroxide solution, stirring was provided; then, evaporation of the solvent was done to dry, and 
baking was done for 12 hours at a temperature of 1000°C in an oxygen atmosphere, and finally, 
classification of the particles was carried out to produce a powder of D5o=6 \xm. The specific 
surface area of the particles based on the BET method was 1.9 m 2 /g. The measurement results of 
X-ray analysis of the above-mentioned powder by CuKa ray indicated formation of a monolayer 
having high crystallinity that appears to be the layer structure similar to that of the above- 
mentioned powder A. 

[p. 46] 

The results of elemental analysis indicated that the composition of the aforementioned powder 
was LiMno.475Nio.475Mgo.05O2. The powder produced above was used as the positive electrode 
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active material and production of a square lithium cell having a capacity of approximately 15 Ah 
indicated by Fig. 2 was done as in (Working Example 1-1). The cell produced was defined as the 
cell of Comparative Example 2-2. 
[Third embodiment] 
(Working Example 3-1) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 0.95:0.95 and coprecipitation was 
performed; then, heating was provided to 150°C and subsequently, drying was performed to 
produce a manganese-nickel coprecipitate compound. Furthermore, the aforementioned 
manganese-nickel coprecipitate compound and boric acid were added to lithium hydroxide 
solution at an elemental ratio Li:Mn:Ni:B of 2.00:0.95:0.95:0.1; then, baking was done for 12 
hours at a temperature of 1000°C in an oxygen atmosphere, and finally, classification of the 
particles was carried out to produce a powder of D5o=9 |im. The specific surface area of the 
particles based on the BET method was 1.0 m 2 /g. The measurement results of X-ray analysis of 
the above-mentioned powder by CuKa ray indicated formation of a monolayer having high 
crystallinity that appears to be a layer structure similar to that of the above-mentioned powder A. 
The above-mentioned powder produced was defined as powder B. The results of elemental 
analysis indicated that the composition of the aforementioned powder was 
LiMno.475Nio.475Bo.05O2 . 

Segregation of the B (boron) on the surface was observed when an analysis was made in 
the depth direction (see Fig. 1 for reference). The powder B produced above was used as the 
positive electrode active material and production of a square lithium cell having a capacity of 
approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 1-1). The cell 
produced was defined as the cell of Comparative Example 3-1. 

(Working Example 3-2) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 



-60- 



WO02/073718 

nitrate, nickel nitrate, and vanadium oxide at an atomic ratio of Mn:Ni:V of 0.95:0.948:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
was done to produce a manganese-nickel-vanadium coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-vanadium coprecipitate compound and boric acid were added 
to lithium hydroxide solution to form an elemental ratio of Li:Mn:Ni:V:B of 
2:0.95:0.948:0.1 :0.002, and baking was done for 12 hours at a temperature of 1000 o C in an 
oxygen atmosphere, and finally, classification of the particles was carried out to produce a 
powder of Dso=9 jam. 

[p. 47] 

The specific surface area of the particles based on the BET method was 1.0 m 2 /g. The 
measurement results of X-ray analysis of the above-mentioned powder by CuKa ray indicated 
formation of a monolayer having high crystallinity that appears to be a layer structure similar to 
that of the above-mentioned powder A. The results of elemental analysis indicated that the 
composition of the aforementioned powder was LiMno.475Nio.474Vo.o5Bo.ooi02. 

The powder produced above was used as the positive electrode active material and 
production of a square lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 
was done as in (Working Example 1-1). The cell produced was defined as the cell of Working 
Example 3-2. 

(Working Example 3-3) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate, and aluminum nitrate at an atomic ratio of Mn:Ni:Al of 0.95:0.948:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
was done to produce a manganese-nickel- aluminum coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-aluminum coprecipitate compound and boric acid were added 
to lithium hydroxide solution to form an elemental ratio of Li:Mn:Ni:Al:B of 
2:0.95:0.948:0.1 :0.002, and baking was done for 12 hours at a temperature of 1000°C in an 
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oxygen atmosphere, and finally, classification of the particles was carried out to produce a 
powder of D5o=9 |im. The specific surface area of the particles based on the BET method was 
1.0m/g. The measurement results of X-ray analysis of the above-mentioned powder by CuKa 
ray indicated formation of a monolayer having high crystallinity that appears to be a layer 
structure similar to that of the above-mentioned powder A. The results of elemental analysis 
indicated that the composition of the aforementioned powder was LiMno.475Nio.474Alo.o5Bo.ooiC>2. 

The powder produced above was used as the positive electrode active material and 
production of a square lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 
was done as in (Working Example 1-1). The cell produced was defined as the cell of Working 
Example 3-3. 

(Working Example 3-4) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and magnesium nitrate at an atomic ratio of Mn:Ni:Mg of 0.95:0.948:0.1 
and coprecipitation was performed; then, heating was provided to 150°C and subsequently, 
drying was done to produce a manganese-nickel-magnesium coprecipitate compound. 

[p. 48] 

Furthermore, the aforementioned manganese-nickel-magnesium coprecipitate compound and 
boric acid were added to lithium hydroxide solution to form an elemental ratio of 
Li:Mn:Ni:Mg:B of 2:0.95:0.948:0.1 :0.002, and baking was done for 12 hours at a temperature of 
1000°C in an oxygen atmosphere, and finally, classification of the particles was carried out to 
produce a powder of D50=9 \im. The specific surface area of the particles based on the BET 
method was 1.0 m 2 /g. The measurement results of X-ray analysis of the above-mentioned 
powder by CuKa ray indicated formation of a monolayer having high crystallinity that appears to 
be a layer structure similar to that of the above-mentioned powder A. The results of elemental 
analysis indicated that the composition of the aforementioned powder was 
LiMno.475Nio.474Mgo.05Bo.oo 1 02 . 
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The powder produced above was used as the positive electrode active material and 
production of a square lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 
was done as in (Working Example 1-1). The cell produced was defined as the cell of Working 
Example 3-4. 

(Working Example 3-5) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and cobalt nitrate at an atomic ratio of Mn:Ni:Co of 0.95:0.948:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
was done to produce a manganese-nickel-cobalt coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-cobalt coprecipitate compound and boric acid were added to 
lithium hydroxide solution to form an elemental ratio of Li:Mn:Ni:Co:B of 
2:0.95:0.948:0.1 :0.002, and baking was done for 12 hours at a temperature of 1000°C in an 
oxygen atmosphere, and finally, classification of the particles was carried out to produce a 
powder of D5o=9 jxm. The specific surface area of the particles based on the BET method was 
1.0 m 2 /g. The measurement results of X-ray analysis of the above-mentioned powder by CuKa 
ray indicated formation of a monolayer having high crystallinity that appears to be a layer 
structure similar to that of the above-mentioned powder A. The results of elemental analysis 
indicated that the composition of the aforementioned powder was LiMno.475Nio.474Coo.o5Bo.ooiC>2. 

The powder produced above was used as the positive electrode active material and 
production of a square lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 
was done as in (Working Example 1-1). The cell produced was defined as the cell of Working 
Example 3-5. 

[p. 49] 

(Working Example 3-6) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
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nitrate, nickel nitrate and chromium nitrate at an atomic ratio of Mn:Ni:Cr of 0.95:0.948:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
was done to produce a manganese-nickel- vanadium coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-chromium coprecipitate compound and boric acid were added 
to lithium hydroxide solution to form an elemental ratio of Li:Mn:Ni:Cr:B of 
2:0.95:0.948:0. 1 :0.002, and baking was done for 12 hours at a temperature of 1000°C in an 
oxygen atmosphere, and finally, classification of the particles was carried out to produce a 
powder of Dso=9 ^im. The specific surface area of the particles based on the BET method was 
1 .0 m 2 /g. The measurement results of X-ray analysis of the above-mentioned powder by CuKa 
ray indicated formation of a monolayer having high crystallinity that appears to be a layer 
structure similar to that of the above-mentioned powder A. The results of elemental analysis 
indicated that the composition of the aforementioned powder was LiMno.475Nio.474Cro.o5Bo.ooiC>2. 

The powder produced above was used as the positive electrode active material and 
production of a square lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 
was done as in (Working Example 1-1). The cell produced was defined as the cell of Working 
Example 3-6. 

(Working Example 3-7) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate, and titanium oxide at an atomic ratio of Mn:Ni:V of 0.95:0.948:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
was done to produce a manganese-nickel- titanium coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-titanium coprecipitate compound and boric acid were added to 
lithium hydroxide solution to form an elemental ratio of Li:Mn:Ni:Ti:B of 
2:0.95:0.948:0.1 :0.002, and baking was done for 12 hours at a temperature of 1000°C in an 
oxygen atmosphere, and finally, classification of the particles was carried out to produce a 
powder of D5o=9 pm. The specific surface area of the particles based on the BET method was 
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1.0 m 2 /g. The measurement results of X-ray analysis of the above-mentioned powder by CuKa 
ray indicated formation of a monolayer having high crystallinity that appears to be a layer 
structure similar to that of the above-mentioned powder A. The results of elemental analysis 
indicated that the composition of the aforementioned powder was LiMno.475Nio.474Tio.o5Bo.ooi02. 

The powder produced above was used as the positive electrode active material and 
production of a square lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 
was done as in (Working Example 1-1). The cell produced was defined as the cell of Working 
Example 3-7. 

[p. 50] 

(Working Example 3-8) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate, and iron sulfate at an atomic ratio of Mn:Ni:Fe of 0.95:0.948:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
was done to produce a manganese-nickel-iron coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-iron coprecipitate compound and boric acid were added to 
lithium hydroxide solution to form an elemental ratio of Li:Mn:Ni:Fe:B of 
2:0.95:0.948:0. 1 :0.002 5 and baking was done for 12 hours at a temperature of 1000°C in an 
oxygen atmosphere, and finally, classification of the particles was carried out to produce a 
powder of D5o=9 Jim. The specific surface area of the particles based on the BET method was 
1 .0 m 2 /g. The measurement results of X-ray analysis of the above-mentioned powder by CuKa 
ray indicated formation of a monolayer having high crystallinity that appears to be a layer 
structure similar to that of the above-mentioned powder A. The results of elemental analysis 
indicated that the composition of the aforementioned powder was LiMno.475Nio.474Feo.o5Bo.ooi02. 

The powder produced above was used as the positive electrode active material and 
production of a square lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 
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was done as in (Working Example 1-1). The cell produced was defined as the cell of Working 
Example 3-8. 

(Working Example 3-9) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and copper sulfate at an atomic ratio of Mn:Ni:Cu of 0.95:0.948:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
was done to produce a manganese-nickel-copper coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-copper coprecipitate compound and boric acid were added to 
lithium hydroxide solution to form an elemental ratio of Li:Mn:Ni:Cu:B of 
2:0.95:0.948:0.1 :0.002, and baking was done for 12 hours at a temperature of 1000°C in an 
oxygen atmosphere, and finally, classification of the particles was carried out to produce a 
powder of D5o=9 (am. The specific surface area of the particles based on the BET method was 
1 .0 m 2 /g. The measurement results of X-ray analysis of the above-mentioned powder by CuKa 
ray indicated formation of a monolayer having high crystallinity that appears to be a layer 
structure similar to that of the above-mentioned powder A. The results of elemental analysis 
indicated that the composition of the aforementioned powder was LiMno.475Nio.474Cuo.o5Bo.ooi02. 

[p. 51] 

The powder produced above was used as the positive electrode active material and 
production of a square lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 
was done as in (Working Example 1-1). The cell produced was defined as the cell of Working 
Example 3-9. 

(Working Example 3-10) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate, and zinc sulfate at an atomic ratio of Mn:Ni:Zn of 0.95:0.948:0.1 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
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was done to produce a manganese-nickel-zinc coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-zinc coprecipitate compound and boric acid were added to 
lithium hydroxide solution to form an elemental ratio of Li:Mn:Ni:Zn:B of 
2:0.95:0.948:0.1:0.002, and baking was done for 12 hours at a temperature of 1000°C in an 
oxygen atmosphere, and finally, classification of the particles was carried out to produce a 
powder of D50=10 |im. The specific surface area of the particles based on the BET method was 
1 .0 m 2 /g. The measurement results of X-ray analysis of the above-mentioned powder by CuKa 
ray indicated formation of a monolayer having high crystallinity that appears to be a layer 
structure similar to that of the above-mentioned powder A. The results of elemental analysis 
indicated that the composition of the aforementioned powder was LiMno.475Nio.474Zno.o5Bo.ooi02. 

The powder produced above was used as the positive electrode active material and 
production of a square lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 
was done as in (Working Example 1-1). The cell produced was defined as the cell of Working 
Example 3-10. 

(Comparative Example 3-1) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 0.95:0.95 and coprecipitation was 
performed; then, heating was provided to 150°C and subsequently, drying was done to produce a 
manganese-nickel coprecipitate compound. Furthermore, the aforementioned manganese-nickel 
coprecipitate compound and boric acid were added to lithium hydroxide solution to form an 
elemental ratio of Li:Mn:Ni:B of 2.00:0.95:0.95:0.1, and baking was done for 12 hours at a 
temperature of 1000°C in an oxygen atmosphere, and finally, classification of the particles was 
carried out to produce a powder of D5o=9 pm. The specific surface area of the particles based on 
the BET method was 0.2 m 2 /g. 

[p. 52] 
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The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder A. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMn0.475Ni0.475B0.05O2. 

The powder produced above was used as the positive electrode active material and 
production of a square lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 
was done as in (Working Example 1-1). The cell produced was defined as the cell of 
Comparative Example 3-1. 

(Comparative Example 3-2) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate and nickel nitrate at an atomic ratio of Mn:Ni of 0.95:0.95 and coprecipitation was 
performed; then, heating was provided to 150°C and subsequently, drying was done to produce a 
manganese-nickel coprecipitate compound. Furthermore, the aforementioned manganese-nickel 
coprecipitate compound and boric acid were added to lithium hydroxide solution to form an 
elemental ratio of Li:Mn:Ni:B of 2.00:0.95:0.95:0.1, and baking was done for 12 hours at a 
temperature of 1000°C in an oxygen atmosphere, and finally, classification of the particles was 
carried out to produce a powder of Dso=4 ^m. The specific surface area of the particles based on 
the BET method was 2.4 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder A. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMn0.475Ni0.475B0.05O2. 

The powder produced above was used as the positive electrode active material and 
production of a square lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 
was done as in (Working Example 1-1). The cell produced was defined as the cell of 
Comparative Example 3-2. 
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[Fourth embodiment] 

(Working Example 4-1) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and cobalt nitrate at an atomic ratio of Mn:Ni:Co of 9:9:2 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
was done to produce a manganese-nickel-cobalt coprecipitate compound. The aforementioned 
manganese-nickel-cobalt coprecipitate compound was added to lithium hydroxide solution, 
stirring was performed; then, evaporation of the solvent was done to dry, and baking was done 
for 12 hours at a temperature of 1000°C in an oxygen atmosphere, and finally, classification of 
the particles was carried out to produce a powder of Dso=20 urn. The specific surface area of the 
particles based on the BET method was 0.9 m7g. 

[p. 53] 

Based on the results of X-ray analysis of the above-mentioned powder by CuKa ray, 
diffraction peaks were observed at 20 18.56 degrees, 36.56 degrees, 38.24 degrees, 44.32 
degrees, 48.4 degrees, 58.4 degrees, 64.16 degrees, 64.8 degrees, and 68.8 degrees, and a 
monolayer having high crystallinity that appears to be a layer structure that belongs to spatial 
group R3m was synthesized. The X-ray diffraction chart of the aforementioned powder is 
indicated by Fig. 5. The results of elemental analysis indicated that the composition of the 
aforementioned powder was LiMno.45Nio.45Coo.1O2. The above-mentioned powder produced was 
defined as powder D. 

The powder produced above was used as the positive electrode active material and 
production of a square lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 
was done as in (Working Example 1-1). The cell produced was defined as the cell of Working 
Example 4-1. 

(Working Example 4-2) 
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A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and cobalt nitrate at an atomic ratio of Mn:Ni:Co of 2:2:1 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
was done to produce a manganese-nickel-cobalt coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-cobalt coprecipitate compound was added to lithium 
hydroxide solution and baking was done for 12 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
Dso = 20 |xm. The specific surface area of the particles based on the BET method was 0.9 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder D. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.4Nio.4Coo.2O2. The powder produced 
above was used as the positive electrode active material and production of a square lithium cell 
having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 
1-1). The cell produced was defined as the cell of Working Example 4-2. 

[p. 54] 

(Working Example 4-3) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate, and cobalt nitrate at an atomic ratio of Mn:Ni:Co of 9:9:2 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
was done to produce a manganese-nickel-cobalt coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-cobalt coprecipitate compound was added to lithium 
hydroxide solution and baking was done for 5 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
Dso = 20 ^m. The specific surface area of the particles based on the BET method was 0.3 mVg. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
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indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder D. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.45Nio.45Coo.1O2. The powder produced 
above was used as the positive electrode active material and production of a square lithium cell 
having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 
1-1). The cell produced was defined as the cell of Working Example 4-3. 
(Working Example 4-4) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and cobalt nitrate at an atomic ratio of Mn:Ni:Co of 9:9:2 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
was done to produce a manganese-nickel-cobalt coprecipitate compound. Furthermore, the 
aforementioned manganese-nickel-cobalt coprecipitate compound was added to lithium 
hydroxide solution and baking was done for 20 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
D5o=5 |im. The specific surface area of the particles based on the BET method was 1.5 m7g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder D. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.45Nio.45Coo.1O2. The powder produced 
above was used as the positive electrode active material and production of a square lithium cell 
having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 
1-1). The cell produced was defined as the cell of Working Example 4-4. 

(Working Example 4-5) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and cobalt nitrate at an atomic ratio of Mn:Ni:Co of 17:17:4 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
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was done to produce a manganese-nickel-cobalt coprecipitate compound. 

[p. 55] 

Furthermore, the aforementioned coprecipitate compound and boric acid were added to lithium 
hydroxide solution to form an elemental ratio of Li:Mn:Ni:Co:B of 2:0.85:0.85:0.2:0.1 and 
baking was done for 12 hours at a temperature of 1000°C in an oxygen atmosphere, and finally, 
classification of the particles was carried out to produce a powder of D50=9 ^m. The specific 

2 

surface area of the particles based on the BET method was 1.0 m7g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder D. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.425Nio.425Coo.1Bo.05O2. The powder 
produced above was used as the positive electrode active material and production of a square 
lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in 
(Working Example 1-1). The cell produced was defined as the cell of Working Example 4-5. 

(Working Example 4-6) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate, cobalt nitrate and vanadium oxide at an atomic ratio of Mn:Ni:Co:V of 
17:17:4:2 and coprecipitation was performed; then, heating was provided to 150°C and 
subsequently, drying was done to produce a manganese-nickel-cobalt-vanadium coprecipitate 
compound. Furthermore, the aforementioned coprecipitate compound was added to lithium 
hydroxide solution and baking was done for 12 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
D5o=9 |xm. The specific surface area of the particles based on the BET method was 1.0 m7g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder D. The results of elemental analysis indicated that 
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the composition of the aforementioned powder was LiMno.425Nio.425Coo.1Vo.05O2. The powder 
produced above was used as the positive electrode active material and production of a square 
lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in 
(Working Example 1-1). The cell produced was defined as the cell of Working Example 4-6. 
(Working Example 4-7) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate, cobalt nitrate and aluminum nitrate at an atomic ratio of Mn:Ni:Co:Al of 
17:17:4:2 and coprecipitation was performed; then, heating was provided to 150°C and 
subsequently, drying was done to produce a manganese-nickel-cobalt-aluminum coprecipitate 
compound. Furthermore, the aforementioned coprecipitate compound was added to lithium 
hydroxide solution and baking was done for 12 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
Dso=9 urn. The specific surface area of the particles based on the BET method was 1 .0 m /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder D. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.425Nio.425Coo.1Alo.05O2. The powder 
produced above was used as the positive electrode active material and production of a square 
lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in 
(Working Example 1-1). The cell produced was defined as the cell of Working Example 4-7. 

(Working Example 4-8) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate, cobalt nitrate and magnesium nitrate at an atomic ratio of Mn:Ni:Co:Mg of 
17:17:4:2 and coprecipitation was performed; then, heating was provided to 150°C and 
subsequently, drying was done to produce a manganese-nickel-cobalt-magnesium coprecipitate 
compound. Furthermore, the aforementioned coprecipitate compound was added to lithium 
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hydroxide solution and baking was done for 12 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 

2 

D5o=9 |im. The specific surface area of the particles based on the BET method was 1.0 mVg. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder D. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.425Nio.425Coo.1Mgo.05O2. The powder 
produced above was used as the positive electrode active material and production of a square 
lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in 
(Working Example 1-1). The cell produced was defined as the cell of Working Example 4-8. 

[p. 57] 

(Working Example 4-9) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate, cobalt nitrate, and chromium nitrate at an atomic ratio of Mn:Ni:Co:Cr of 
17:17:4:2 and coprecipitation was performed; then, heating was provided to 150°C and 
subsequently, drying was done to produce a manganese-nickel-cobalt-chromium coprecipitate 
compound. Furthermore, the aforementioned coprecipitate compound was added to lithium 
hydroxide solution and baking was done for 12 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
Dso=9 ^im. The specific surface area of the particles based on the BET method was 1 .0 m /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder D. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.425Nio.425Coo.1Cro.05O2. The powder 
produced above was used as the positive electrode active material and production of a square 
lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in 
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(Working Example 1-1). The cell produced was defined as the cell of Working Example 4-9. 
(Working Example 4-10) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate, cobalt nitrate and titanium oxide at an atomic ratio of Mn:Ni:Co:Ti of 
17:17:4:2 and coprecipitation was performed; then, heating was provided to 150°C and 
subsequently, drying was done to produce a manganese-nickel-cobalt- titanium coprecipitate 
compound. Furthermore, the aforementioned coprecipitate compound was added to lithium 
hydroxide solution and baking was done for 12 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
D5o=9 \im. The specific surface area of the particles based on the BET method was 1 .0 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder D. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.425Nio.425Coo.1Tio.05O2. The powder 
produced above was used as the positive electrode active material and production of a square 
lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in 
(Working Example 1-1). The cell produced was defined as the cell of Working Example 4-10. 

[p. 58] 

(Working Example 4-11) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate, cobalt nitrate and iron sulfate at an atomic ratio of Mn:Ni:Co:Fe of 
17:17:4:2 and coprecipitation was performed; then, heating was provided to 150°C and 
subsequently, drying was done to produce a manganese-nickel-cobalt-iron coprecipitate 
compound. Furthermore, the aforementioned coprecipitate compound was added to lithium 
hydroxide solution and baking was done for 12 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
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D50=9 urn. The specific surface area of the particles based on the BET method was 0.9 m7g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder D. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.425Nio.425Coo.1Feo.05O2. The powder 
produced above was used as the positive electrode active material and production of a square 
lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in 
(Working Example 1-1). The cell produced was defined as the cell of Working Example 4-11. 

(Working Example 4-12) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate, cobalt nitrate, and copper sulfate at an atomic ratio of Mn:Ni:Co:Cu of 
17:17:4:2 and coprecipitation was performed; then, heating was provided to 150°C and 
subsequently, drying was done to produce a manganese-nickel-cobalt-copper coprecipitate 
compound. Furthermore, the aforementioned coprecipitate compound was added to lithium 
hydroxide solution and baking was done for 12 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
D5o=9 jam. The specific surface area of the particles based on the BET method was 0.9 m7g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder D. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.425Nio.425Coo.1Cuo.05O2. The powder 
produced above was used as the positive electrode active material and production of a square 
lithium cell having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in 
(Working Example 1-1). The cell produced was defined as the cell of Working Example 4-12. 

[p- 59] 

(Working Example 4-13) 
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A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate, cobalt nitrate, and zinc sulfate at an atomic ratio of Mn:Ni:Co:Zn of 
17:17:4:2 and coprecipitation was performed; then, heating was provided to 150°C and 
subsequently, drying was done to produce a manganese-nickel-cobalt-zinc coprecipitate 
compound. Furthermore, the aforementioned coprecipitate compound was added to lithium 
hydroxide solution and baking was done for 12 hours at a temperature of 1000°C in an oxygen 
atmosphere, and finally, classification of the particles was carried out to produce a powder of 
D5o = 9 jim. The specific surface area of the particles based on the BET method was 0.9 m /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder D. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.425Nio.425Coo.1Zno.05O2. The powder 
produced above was used as the positive electrode active material and production of a square 
lithium cell having a capacity of approximately 1 5 Ah indicated by Fig. 2 was done as in 
(Working Example 1-1). The cell produced was defined as the cell of Working Example 4-13. 

(Comparative Example 4-1) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and cobalt nitrate at an atomic ratio of Mn:Ni:Co of 7:11:2 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
was done to produce a manganese-nickel-cobalt coprecipitate compound. Furthermore, the 
aforementioned coprecipitate compound was added to lithium hydroxide solution and baking was 
done for 12 hours at a temperature of 1000°C in an oxygen atmosphere, and finally, classification 
of the particles was carried out to produce a powder of D5o=20 |im. The specific surface area of 
the particles based on the BET method was 20 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
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similar to that of the above-mentioned powder D. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.35Nio.55Coo.1O2. The powder produced 
above was used as the positive electrode active material and production of a square lithium cell 
having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 
1-1). The cell produced was defined as the cell of Comparative Example 4-1 . 

[p. 60] 

(Comparative Example 4-2) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate and cobalt nitrate at an atomic ratio of Mn:Ni:Co of 9:9:2 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
was done to produce a manganese-nickel-cobalt coprecipitate compound. Furthermore, the 
aforementioned coprecipitate compound was added to lithium hydroxide solution and baking was 
done for 24 hours at a temperature of 1000°C in an oxygen atmosphere, and finally, classification 
of the particles was carried out to produce a powder of D5o=5 |im. The specific surface area of 
the particles based on the BET method was 0.3 m 2 /g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKcx ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder D. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.45Nio.45Coo.1O2. The powder produced 
above was used as the positive electrode active material and production of a square lithium cell 
having a capacity of approximately 15 Ah indicated by Fig. 2 was done as in (Working Example 
1-1). The cell produced was defined as the cell of Comparative Example 4-2. 

(Comparative Example 4-3) 

A sodium hydroxide solution was added to an aqueous solution containing manganese 
nitrate, nickel nitrate, and cobalt nitrate at an atomic ratio of Mn:Ni:Co of 9:9:2 and 
coprecipitation was performed; then, heating was provided to 150°C and subsequently, drying 
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was done to produce a manganese-nickel-cobalt coprecipitate compound. Furthermore, the 
aforementioned coprecipitate compound was added to lithium hydroxide solution and baking was 
done for 3 hours at a temperature of 1000°C in an oxygen atmosphere, and finally, classification 
of the particles was carried out to produce a powder of Dso=5 |xm. The specific surface area of 

2 

the particles based on the BET method was 2.0 m7g. 

The measurement results of X-ray analysis of the above-mentioned powder by CuKa ray 
indicated formation of a monolayer having high crystallinity that appears to be a layer structure 
similar to that of the above-mentioned powder D. The results of elemental analysis indicated that 
the composition of the aforementioned powder was LiMno.45Nio.45Coo.1O2. The powder produced 
above was used as the positive electrode active material and production of a square lithium cell 
having a capacity of approximately 1 5 Ah indicated by Fig. 2 was done as in (Working Example 
1-1). The cell produced was defined as the cell of Comparative Example 4-3. 

[p. 61] 

(Cell performance test) 

A High-rate discharge performance test was performed for the above-mentioned cells of 
the present invention and cells of comparisons at a temperature of 25°C, and subsequently, 
charge/discharge cycle performance was tested as well. 

As for the condition used for the high-rate discharge performance test, charging was 
performed at constant-current 7.5 A (0.5It), 4.3 V, and 3 hrs, and discharging was done at 
constant-current 1.5 A (0.1 It), 30 V (2It), end voltage of 3.0V. 

For the condition used for the charge/discharge cycle test, charging was done at constant- 
current 7.5 A (0.5K), 4.3 V, and 3 hrs, and discharging was done at constant-current 7.5 A (0.5It) 
and end voltage of 3.0V. 10 minutes dead time mode was provided after charging and 
discharging. 

In the high-rate discharge performance test, the ratio of the discharge capacity when 
discharging is done at 1 .5 A for the discharge capacity when discharging is done at 30 A is 
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defined as high-rate discharge performance (%). In the charge/discharge cycle performance test, 
the number of cycles where the discharge capacity is reduced to 80% of the initial discharge 
capacity is defined as the cycle life. The results of the above-mentioned performance tests are 
indicated by Table I to Table IV below. In the Tables, "half bandwidth 18.6°" means the half 
bandwidth of the diffraction peak at 29=18.6±1°, and "half bandwidth 44.1°" means the half 
bandwidth of the diffraction peak at 29=44. 1±1°, and furthermore, "peak intensity ratio" means 
the relative peak intensity ratio at the diffraction peak at 29=44.1±1° for the diffraction peak at 
29=18.6±1°. 
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[p. 66] 

Furthermore, the change in the discharge voltage of the cell of (Working Example 1-1) 
when discharging is done at 1.5 A (0.1 It) is indicated by Fig. 6, the change in the discharge 
voltage of the cell of (Working Example 1-10) when discharging is done at 1.5 A (0.1 It) is 
indicated by Fig. 7, and the change in the discharge voltage of the cell of (Working Example 4-1) 
when discharging is done at 1.5 A (O.llt) is indicated by Fig. 8, respectively. 
(Regarding the first embodiment) 

When comparison is made between the cells of (Working Example 1-1) to (Working 
Example 1-11) that utilize the positive electrode active material having the layer structure 
belonging to spatial group R3/m and the cell of (Comparative Example 1-1) that utilizes the 
positive electrode active material having the layer structure belonging to spatial group C2/m, a 
significant increase in the high-rate discharge performance is observed. Furthermore, when 
comparison is made among cells that utilize a positive electrode active material LiMno.5Nio.5O2 
having a layer similar to the space group R3/m of (Working Example 1-1) to (Working Example 
1-11) and (Comparative Example 1-3) to (Comparative Example 1-6), an obvious improvement 
in the high-rate discharge performance is observed when the value of the specific surface area is 
at least 0.3 m 2 /g. On the other hand, a sharp decrease in the charge/discharge cycle is observed 

when the value of the aforementioned specific surface area exceeds 1.5 m /g. Therefore, when 

2 2 

an LiMno.5Nio.5O2 having a specific surface area in the range of 0.3 m /g to 1.5 m /g is used as a 
positive electrode active material, production of a secondary cell having excellent cycle 
performance and high-rate discharge performance is made possible. 

Furthermore, when a composite oxide indicated by LiMno.5Nio.5O2 is used and a 
comparison is made on cell performance of cells having different relative intensity ratios of the 
diffraction peak at 29=44.1±1° for the diffraction peak of 20=18.6±1° on the powder X-ray 
diffraction chart that utilizes CuKa ray, a significant increase in the cycle life is observed when 
the relative intensity ratio exceeds 0.6. Furthermore, reduction in the high-rate discharge 
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performance is observed when the aforementioned relative intensity ratio exceeds 1.1. Thus, 
when the aforementioned relative intensity ratio is between 0.6 to 1.1, production of cells with 
excellent cycle life and high-rate discharge performance is made possible. 

Furthermore, when the half bandwidth is 0.13° or above at 20=18.6±1° and the half 
bandwidth is 0.10° or above at 2G=44.1±1°, excellent high-rate discharge performance can be 
achieved. 

[p. 67] 

Furthermore, when the half bandwidth is 0.20° or above at 29=1 8.6±1° and at the same 
time, the half bandwidth is 0.17° or above at 28=44.1±1°, reduction in cycle life is observed. 
Thus, production of a cell having an excellent cycle life and high-rate discharge performance is 
made possible when the half bandwidth is in the range of 0.13 to 0.20° at 29=18.6±1° and at the 
same time, the half bandwidth is 0.10 to 0.17° at 29=44. 1±1°. 

It should be noted that the cell of (Comparative Example 1-2) having a relatively good 
high-rate discharge performance utilizes spinel manganese as the active material of positive 
electrode. In the above-mentioned cell, the expected high-rate discharge performance is achieved 
by spinel manganese, which indicates that the rate-determining factor of the discharge 
performance is not based on electrolyte or negative electrode, which are the structural elements 
other than positive electrode in the working examples and comparative examples. 
(Regarding the second embodiment) 

When the cells of (Working Example 2-1) to (Working Example 2-7) in which a part of 
the Mn and Ni that comprise the LiMno.5Nio.5O2 is replaced with a dissimilar element, a 
significant increase in the value of the high-rate discharge performance is observed in 
comparison to the cell made of a positive electrode active material having similar properties. 
The above-mentioned effect achieved is not well understood, but it seems that increase in 
shifting of the lithium ion occurs when some of the Ni and Mn is replaced with a small amount 
of another element. 



-86- 



WO02/073718 

Furthermore, the value of the high-rate discharge performance is insufficient in a cell 
where the value of the specific surface area is less than 0.3 m 2 /g (Comparative Example 2-1) in 
the second embodiment. On the other hand, in a cell where the value of specific surface area 
exceeds 1.5 m 2 /g (comparative Example 2-2), a sharp decrease in the charge/discharge cycle is 
observed. 

(Regarding the third embodiment) 

Furthermore, compared with cells of (Working Example 1-1) to (Working Example 1- 
1 1), the high-rate discharge performance is high in the cell of (Working Example 3-1) and the 
effect achieved through substitution of boron is observed. 

[p. 68] 

In cells of (Working Example 3-2) to (Working Example 3-7) in which a part of the Mn 
and Ni in LiMno.5Nio.5O2 is replaced with boron and other elements, a further improvement in the 
high-rate discharge performance is observed. It is hypothesized that an increase in shifting of the 
lithium ion occurs when the Ni and Mn are replaced with a small amount of other elements. 

Furthermore, the value of the high-rate discharge performance is insufficient in a cell 
where the value of the specific surface area is less than 0.3 m /g (comparative Example 3-1) in 
the third embodiment. On the other hand, in a cell where the value of specific surface area 
exceeds 1.5 m 2 /g (Comparative Example 3-2), a sharp decrease in the charge/discharge cycle is 
observed. 

Furthermore, as indicated by Fig. 1, when the etching time based on the X-ray 
photoelectron spectra method (XPS) is approximately 400 seconds, the concentration of the 
boron is reduced to approximately the same as inside the particle. In this case, the etching rate in 
the depth direction is 0.07 nm (sec). This indicates that the thickness of the surface layer of the 
positive electrode active material particle required to achieved the effect of the present invention 
is 28 nm (=0.028 jam) at most. When the mean particle diameter of the positive electrode active 
material is 9 to 10 |im, the aforementioned thickness corresponds to approximately 2% of the 
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diameter. 

(Regarding the fourth embodiment) 

Furthermore, in cells where the composite oxide indicated by Li[Mn x Ni y Co z ]02 where a 
Co component is added to a composite oxide indicated by LiMno.5Nio.5O2 (Working Example 4- 
1) to (Working Example 4-4), a significant increase in discharge capacity is observed in 
comparison to the cells of (Working Example 1-1) to (Working Example 1-1 1). Furthermore, 
possibly due to stable crystal structure, a significant increase in cycle life is observed. 

When comparison is made for the cell performance among composite oxides in which the 
same structural formula of LiMno.45Nio.45Coo.1O2 is used as positive electrode active material but 
the specific surface area is different (Working Example 4-1), (Working Example 4-3), (Working 
Example 4-4), (Comparative Example 4-2) and (Comparative Example 4-3), a sharp decrease in 
cycle performance is observed when the specific surface area exceeds 1.5 m /g. Furthermore, a 
sharp decrease in high-rate discharge performance is observed when the specific surface area 
becomes less than 0.3 m 2 /g. Thus, a nonaqueous secondary cell equipped with excellent cycle 

performance and excellent high-rate discharge performance can be produced when the value of 

2 2 

the specific surface area of the composite oxide is in the range of 0.3 m /g to 1.5 m /g. 

[p. 69] 

An increased value of the high-rate discharge performance is observed in cells in which 
the composite oxide indicated by the structural formula of LiMno.425Nio.425Coo.1Mo.05O2 where a 
dissimilar element M" is added to Ni, Mn, and Co is used as a positive electrode active material 
(Working Example 4-5) to (Working Example 4-10) in comparison to the cell without a 
dissimilar element M" (Working Example 4-1). The above-mentioned effect achieved is not well 
understood, but it seems that increase in shifting of the lithium ion occurs when the Ni and Mn 
are replaced with a small amount of other elements. 

Furthermore, when disassembly is performed for the cells of Working Example 2-1, 
Working Example 3-1, and Working Example 4-7 with boron added and an elemental analysis 
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was performed for each structural element that comprises the cell, boron was detected at near the 
surface of the negative electrode. Based on the result obtained, it is hypothesized that the boron 
added at the time of synthesis leaks out of the positive electrode active material particle and 
activates the condition on the surface of the positive electrode and increases the high-rate 
discharge performance rather than stabilizing the structure upon replacing Mn and Ni. 

Furthermore, in the case of the active material that comprises the layer structure of the 
present invention, basically, the 6a site is occupied with Li, and the 6b is occupied with Mn, Ni, 
and Co, and the 6c site is occupied with O, but it is possible for the Li to be dispersed in the 6b 
site as well. In this case, Li has a monovalent valence; thus, the charge deficiency at 6b site can 
be increased and neutralized with an increase or a decrease of the 6c site. 

In the above-mentioned Working Examples of the second embodiment, it is stated that 
LifMno.475Nio.475Bo.05O2], 

Li[Mno.475Nio.475Vo.os02],Li[Mno.475Nio.475Alo.o502], LitMno.475Nio.475Mgo.05O2], 
Li[Mno.475Nio.475Coo.0502],Li[Mn 0 .475Nio.475Cro.o502],Li[Mno.475Nio.475Tio.o502], 
LitMno.475Nio.475Lio.05O2] [sic], are used as the main structural components of the positive 
electrode active material, but a similar effect can be achieved when other dissimilar elements M 
are used as well. 

In the above-mentioned working examples of the third embodiment, it is stated to use 
LitMn0.475Ni0.475B0.05O2], LitMn0.475Ni0.475B0.05O2] [sic, repeated], 

Li[Mn0.475Ni0.474V0.05B0.00lO2],Li[Mn 0 .475Ni0.474V0.05Al0.00lO2], Li[Mno.475Nio.474Vo.05MgO.OOl02], 

Li[Mno.475Nio.474Vo.o5Coo.ooi02], Li[Mno.475Nio.474Cr 0 .05B 0 .ooi02], Li[Mno.475Nio.474Tio.osBo.ooi02], 
having a high surface concentration of Boron as the main structural components of the positive 
electrode active material, but a similar effect can be achieved when other dissimilar elements M' 
are used as well. 

[p. 70] 

In the above-mentioned Working Examples of the fourth embodiment, it is stated that 
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LitMno.45Nio.45Coo.01O2], LitMno.425Nio.425Coo.1Bo.05O2], LitMno.425Nio.425Coo.1Vo.05O2], 

Li[Mno.425Nio.425CoojAlo.o502],Li[Mno.425Nio.425C^ 

Li[Mno.425Nio.425Coo. 1 Tio.os02] , Li [Mno.42sNio.425Coo. 1 L10.05O2] , 

are used as the main structural components of the positive electrode active material, but a similar 
effect can be achieved when other dissimilar elements are used as well. 

In this case, working examples are explained with a nonaqueous secondary cells that 
utilize a synthetic graphite as the negative electrode material, and the same good effect was 
achieved with other negative electrode materials as well. 

Furthermore, the present invention is not limited to the above-mentioned starting raw 
material activated material, manufacturing method, positive electrode, negative electrode, 
electrolyte, separator, shape of the cell, etc. 
<Field of industrial application> 

The present invention is to eliminate the above-mentioned existing problems, and 
production of a secondary cell with high energy density exhibiting an excellent high-rate 
charging/discharging performance and high charging/discharging cycle performance is made 
possible. 

[p. 71] 

Claims of Invention 

1. A positive electrode active material mainly comprising a Li-Mn-Ni type composite 
oxide, and the positive electrode active material is characterized by the fact that the specific 
surface of the Li-Mn-Ni composite oxide measured by the BET method is 0.3 m /g or above and 
1.5 m 2 /gor below. 

2. The positive electrode active material described in Claim 1 above characterized by the 
fact that the aforementioned Li-Mn-Ni type composite oxide is the composite oxide indicated by 
LiMno.5Nio.5O2. 

3. The positive electrode active material described in 1 above characterized by the fact 
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that a part of Mn and Ni that comprise the composite oxide indicated by LiMno.5Nio.5O2 in the 
aforementioned Li-Mn-Ni type composite oxide is replaced with a dissimilar element and is a 
composite oxide with a composition indicated by the following general formula. 

Li 1 . z [Mno.5-x-yNio.5-x , -y , Mx+x , Liy+y02] 

(Wherein, M is the aforementioned dissimilar element; 

x=0.001to0.1 ; x'=0.001 to 0.1 ; 

y=0to0.1 ; y=0to0.1 ; 

x+x'+y+y<0.4 ; 0<z<l) 

4. The positive electrode active material described in the Claim 1 above characterized by 
the fact that a part of Mn and Ni that comprises the composite oxide indicated by LiMno.5Nio.5O2 
in the aforementioned Li-Mn-Ni type composite oxide is replaced with a dissimilar element and 
is a composite oxide with a composition indicated by the following general formula. 

Lil- z [Mno.5-x-yNio.5-x'-yMx+x'Liy+y'02] 

(Wherein, M is the aforementioned dissimilar element; 
x=0.01to0.1 ; x^O.OltoO.l ; 

y=0to0.1 ; y^O to 0.1 ; 

x+x'+y+y'<0.2 ; 0<z<l) 

5. The positive electrode active material described in the aforementioned Claim 3 or 
Claim 4 characterized by the fact that the aforementioned dissimilar element M is one or more 
elements selected from the group consisting of B, Mg, Al, Ti, V, Cr, Fe, Co, Cu, and Zn. 

[p. 72] 

6. The positive electrode active material described in Claim 1 above characterized by the 
fact that a part of Mn and Ni that comprise the composite oxide indicated by LiMno.5Nio.5O2 in 
the aforementioned Li-Mn-Ni type composite oxide is replaced with a dissimilar element and 
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boron and is a composite oxide with a composition indicated by the following general formula. 

Lil-t[Mno.5-r-s-wNio.5-r*-s , -wBw+w , M'r+r , Lis+s , 02] 

(Wherein, M' is the aforementioned dissimilar element; 
r=0.001 to 0.1 ; r'=0.001 to 0.1 ; 

s=0to0.1 ; s'=0to0.1 ; 

r+r'+s+s'+w+w'<0.4 ; 
w+w'=0.0005 to 0.01 ; 0<t<l) 

7. The positive electrode active material described in Claim 1 above characterized by the 
fact that a part of Mn and Ni that structures the composite oxide indicated by LiMno.5Nio.5O2 in 
the aforementioned Li-Mn-Ni type composite oxide is replaced with a dissimilar element and 
boron and is a composite oxide with the composition indicated by the following general formula. 

Li 1 -t[Mno.5-r-s-wNio.5-r , -s'-w'Bw+w'M , r4-r'Lis+s , 02] 

(Wherein, M* is the aforementioned dissimilar element; 
r=0.01to0.1 ; r'=0.01to0.1 ; 

s=0to0.1 ; s'=0to0.1 ; 

r+r'+s+s'+w+w'<0.2 ; 
w+w'=0.0005 to 0.01 ; 0<t<l) 

8. The positive electrode active material described in Claim 6 or Claim 7 above 
characterized by the fact that the aforementioned dissimilar element M' is one or more elements 
selected from the group consisting of B, Mg, Al, Ti, V, Cr, Fe, Co, Cu, and Zn. 

9. The positive electrode active material described in the Claim 1 above characterized by 
the fact that the aforementioned Li-Mn-Ni type composite oxide is a composite oxide indicated 
by Li[MncNidCo e Li a M"b]02 (Wherein, M" is an element other than Mn, Ni, Co or Li, d<c+e+a+b, 
c+d+e+a+b=l, 0<a<0.05, 0<b<0.05, 0.2<c<0.05, 0.02<e<0.4). 

[p. 73] 

10. The positive electrode active material described in the Claim 9 above characterized by 
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the fact that the aforementioned M" is one or more elements selected among the group consisting 
of B, Mg, Al, Ti, V, Cr, Fe, Co, Cu, and Zn. 

11. The positive electrode active material described in one of Claim 1 to Claim 10 above 
characterized by the fact that the aforementioned Li-Mn-Ni type composite oxide has a layer 
crystalline structure having peaks at 20 = 18.6±1°, 36.6±1°, 37.8±1°, 38.2±1°, 44.3±1°, 48.4±1°, 
58.4±1°, 64.2±1°, 64.8±1°, 68.8±1° on the X-ray diffraction chart that utilizes CuKa ray. 

12. The positive electrode active material described in one of Claim 1 to Claim 1 1 above 
characterized by the fact that the aforementioned Li-Mn-Ni type composite oxide has a relative 
intensity ratio of the diffraction peak of 20=44.1±1° for the diffraction peak of 29=18.6±° on the 
powder X-ray diffraction chart that utilizes CuKa rays. 

13. The positive electrode active material described in one of Claim 1 to Claim 12 above 
characterized by the fact that the aforementioned Li-Mn-Ni type composite oxide has the half- 
bandwidth of the diffraction peak at 20=18.6±1° in the range of 0.13° to 0.20° and the half band 
width of the diffraction peak at 20=44.1±1° in the range of 0.10° to 0.17° on the powder X-ray 
diffraction chart that utilizes CuKa rays. 

14. The positive electrode active material described in one of Claim 1 to Claim 13 above 
characterized by the fact that the particle diameter of the aforementioned Li-Mn-Ni type 
composite oxide is in the range of 3 um to 20 um. 

15. The nonaqueous secondary cell that utilizes the positive electrode active material 
described in one of Claim 1 to Claim 14 above. 
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Fig. 4 
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Fig. 5 
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Fig. 8 
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